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Mr. John Litton, P.E. 

DEPARTMENT OF THE NAVY 
SOUTHERN DIVISION 

NAVAl. FftCIU11ES ENGINEERING COMMN«) 

P.O. BOX 1SOO10 

2155 EAGLE tlRWE 
NORTH CHARLESTON. S.C. ~1Q.8010 

Director, Division of Hazardous and Infectious Waste Management 
Bureau of Land and Waste Management 
South Carolina Department of Health and Environmental Control 
2600 Bull Street 
Columbia, SC 29201 

5090/11 
Code 18710 
26 April, 1999 

SUbj: SUBMITTAL OF DESIGN DOCUMENT FOR ANAEROBIC-AEROBIC 
SEQUENTIAL TREATABILITY SYSTEM ZONE K (SWMU 166) 

Dear Mr. Litton, 

The purpose of this letter is to submit the enclosed Design Document for Anaerobic-Aerobic 
Sequential Treatability System Zone K (SWMU 166), for Naval Base Charleston. The Design 
Document is submitted to fulfill the requirements of condition IV.E.2 of the RCRA Part B 
permit issued to the Navy by the South Carolina Department of Health and Environmental 
Control and the U.S. Environmental Protection Agency (USEPA). 

The Design Document was developed based on comments made by the Department and the 
USEPA on the Treatability Study Work Plan for SWMU 166. 

The Navy requests that the Department and the US EPA review and provide comment or 
approval whichever is appropriate. If you should have any questions please contact Billy 
Drawdy or myself at (843) 743-9985 and (843) 820-5543 respectively. 

Sincerely, 
,\ /~-

~p~ 
David P. Dodds 
Remedial Project Manager 
Installation Restoration III 

Enclosure: (1) Design Document for Anaerobic-Aerobic Sequential Treatability System Zone 
K (SWMU 166), 16 April 1999 
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SCOPE OF WORK 

GENERAL 

Design Document Anaerobic-Aerobic Sequential Treatability System 
Zone K (SWMU 166) 

April 16, 1999 

The Contractor will provide labor, materials, construction equipment, and supervision as required 

to install and provide the Navy a complete and operational sequential in-situ anaerobic-aerobic 

remediation system. The contractor is to furnish all piping components, including manually 

operated valves, operational equipment, all structural steel, grout, concrete, concrete masonry 

blocks, fasteners, anchor bolts, and paint. Groundwater wells will be installed by a separate 

drilling contractor. Items not listed but needed for the completed installation are to be provided 

by the contractor. 

The Contractor shall establish onsite temporary utilities and temporary facilities that are required 

to do the work. The contractor shall promptly repair any damage to these or existing facilities and 

equipment during the work. 

1.0 EQUIPMENT SETTING 

L2 Install the Following Equipment 

Blower Unit 

Compressor Unit 

Nutrient Feed System 

Groundwater Pumps 

L3 Install the Following System of Groundwater Wells 

Groundwater Extraction Wells 

Groundwater Re-injection Wells 

Groundwater Sparging Wells 

Groundwater Treatability Study Monitoring Wells 



2.0 EARTHWORK 

Design Document Anaerobic-Aerobic Sequential Treatability System 
Zone K (SWMU 166) 

April 16, 1999 

2.1 The contractor is responsible for furnishing all labor, equipment, transportation, and 

operations necessary to clear and grub, bring the site to grade, control dust, and prevent 

erosion as shown in the drawings. 

2.2 The contractor shall protect aboveground or below-grade utilities adjacent to the work 

area. Do not take existing utilities out of service without the specific authorization of the 

owner or the owner's representative. Before excavation, the contractor shall locate 

underground utilities within the work area. Accurately, locate and record on project 

record documents any abandoned and active lines that were rerouted or extended. As 

excavation approaches utilities, the contractor shall hand-excavate to uncover utilities. 

2.3 The contractor is responsible for protecting trees, shrubs, lawns, and other features 

remaining as portion of the final landscape. The contractor shall protect benchmarks, 

existing structures, fences, manholes, cleanout plugs, and roads. 

2.4 Notify the engineer of unexpected subsurface conditions and discontinue work in the area 

until the engineer provides notification to resume work. 

2.5 The contractor shall repair damage promptly, as directed by the owner or the owner's 

representative. 

3.0 CONCRETE 

3.1 The contractor is to provide miscellaneous concrete pads, foundations, or grout as required 

to set equipment and steel to the elevations required. The contractor shall furnish all labor 

(including full-time onsite supervision), materials, equipment, transportation to job site, 
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services, permits, and tools necessary to complete concrete installation as shown in the 

concrete drawings specified herein, subject to requirements of the general conditions. 

3.2 The contractor is responsible for replacing damaged or unsuitable concrete pads or 

foundations as specified by owner or engineer onsite. 

4.0 PIPING AND INSTRUMENTATION 

4.1 The contractor is to provide and install all piping components, including manually operated 

valves, strainers, pipe supports, and anchors, and hangers. 

All piping indicated is to be installed by the contractor. The contractor will be 

responsible for field-routing any piping that is not detailed on the plans and elevations 

and is responsible for determination of the exact routing of all piping. The contractor 

is to make field measurements to determine actual equipment and tie-in point locations and 

to locate all interferences. The piping plans provided to the contractor are intended to be 

used to convey the intent and general arrangement of the piping. 

4.2 The contractor is to provide and install all instruments. The contractor is to exercise 

special care in the handling and installation of the instruments to prevent inadvertent 

damage to the measuring and controlling elements. 

5.0 ELECTRICAL 

Before installing any wire or conduit, the contractor shall obtain the exact equipment requirements 

and shall install wire, conduit, disconnect switches, motor starters, circuit breakers, and other 

items of correct size for the quipment actually installed. However, wire and conduit sizes shall 

not be reduced without written approval. 
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5,1 Codes and Standards - Equipment design, fabrication, testing, performance, and 

installation shall, unless shown or specified otherwise, comply with the applicable 

requirements of NFP A 70 and IEEE C2 to the extent indicated by the references, 

5,2 Coordination - The installation of the electrical work shall be coordinates with the work 

of other trades, 

5,3 Approval Requirements - Where materials and equipment are specified to conform to the 

standards of the Underwriters Laboratories (UL), Inc" the label of, listing with re

examination, in UL-05 will be acceptable as sufficient evidence that the items conform to 

the requirements, 

Where materials or equipment are specified to the constructed or tested in accordance with 

the standards of NEMA, ASTM, or other recognized standards, a manufacturer's 

certificate of compliance indicating complete compliance of each item with applicable 

NEMA, ANSI, ASTM or other commercial standards specified will be acceptable as proof 

of compliance, 

5.4 Prevention of Corrosion - Metallic materials shall be protected against corrosion, 

Equipment enclosures shall be given a rust-inhibiting treatment and the standard finish by 

the manufacturer. 
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SECTION A - EARTHWORK 

1.0 CLEARING AND GRUBBING 

1.1 Clearing and grubbing shall consist of the removal and disposal of all trees, brush, stumps, 

roots, grass, and weeds which would prevent construction to the elevations provided on 

the drawings. 

1.2 All material generated as a result of clearing and grubbing activities will be stockpiled 

onsite at the location identified by the owner. 

1.3 The contractor shall provide temporary fences, barricades, covering, or other items 

required to protect and preserve items to remain and adjacent properties as directed by the 

owner's representative. Clearing and grubbing shall only be conducted within the area 

proposed for grading activities. The contractor shall exercise care to ensure that existing 

trees and vegetation outside the proposed fill or excavation limits are not damaged. The 

contractor shall restore damage to the condition existing prior to the start of work, unless 

otherwise directed by and at no cost to the owner. 

2.0 DUST CONTROL 

2.1 The contractor shall conduct operations and maintain the site so as to minimize the creation 

and dispersion of dust. Dust control shall be used during clearing, transport, compaction, 

rough grading, well construction, and equipment installation. 

3.0 EARTHWORK 

3.1 No brush, trees, tree roots, stumps, rubbish, sod, muck, frozen, or any other material 

deleterious to the earthwork shall be placed therein. The contractor will be required, when 

directed, to remove any materials which the owner or the owner's representative considers 

objectionable in the earthwork. 

3.2 The contractor shall protect aboveground or below-grade utilities adjacent to the work 

area. Do not take existing utilities out of service without the specific authorization of the 

A-I 



owner or the owner's representative. Before excavation, the contractor shall locate 

underground utilities within the work area. Accurately locate and record on Project 

Record Documents any abandoned and active lines that were rerouted or extended. As 

excavation approaches utilities, the contractor shall hand-excavate to uncover utilities. 

3.3 It is the responsibility of the contractor to protect trees, shrubs, lawns, and other fearures 

remaining as portion of the final landscape. The contractor shall protect benchmarks, 

existing structures, fences, manholes, cleanout plugs, and roads. 

3.4 Notify the engineer of unexpected subsurface conditions and discontinue work in the area 

until the engineer provides notification to resume work. 

3.5 The contractor shall repair damage promptly, as directed by the owner or the owner's 

representative. 
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SECTION B - CAST-IN-PLACE CONCRETE 

1.0 SCOPE 

Contractor shall furnish all labor (including full time onsite supervision), materials, equipment, 

transportation to job site, services, permits, and tools necessary to complete the cast-in-place 

concrete installation as shown on the Contract Drawings and as specified herein, subject to the 

requirements of the General Conditions. 

2.0 APPLICABLE CODES, STANDARDS, AND SPECIFICATIONS 

All work shall conform to the latest edition of the American Concrete Institute's (ACI) and 

American Society for Testing Materials (ASTM) standards. 

3.0 MATERIALS 

3.1 Cement: ASTM C150, Type I (One brand shall be used throughout the project.) 

3.2 Water: Fresh, potable, clean and free from injurious amounts of oils, acids, alkalies, salts, 

organic materials, or other deleterious matter. 

3.3 Aggregate: Well graded, clean, hard, durable, uncoated stone or gravel conforming to 

ADTM C33, 3/4" to I '12". 

3.4 Expansion Joint: ASTM Specification DI751-60T. 

3.5 Joint Sealant: Federal Specification TT-S-00230. one part type. 

3.6 Forms: Commercial standard, moisture-resistant, form plywood (not less than 5/8" thick); 

metal; or other patent-type forming system that will produce surfaces equal to the plywood. 

3.7 Ready-Mix Concrete: Conform to ASTM C94. 
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4.0 CONCRETE MIX REQUIREMENTS 

4.1 All concrete shall be minimum compressive strength of f' c= 4,000 psi at 28 days. 

4.2 All concrete shall have a maximum slump of 3" for slabs and 5" for other members. 

4.3 All concrete shall have a maximum water/cement ratio of 0.50. 

5.0 FORMS 

5.1 The design, materials. and construction of all formwork shall conform to ACI 347. 

5.2 All exposed corners shall be chamfered by 3/4" molding. 

6.0 CONCRETE FINISHES 

6.1 All slabs shall be screeded and floated to bring the surface to the required finish elevations 

with no coarse aggregate visible. After the concrete has stiffened sufficiently to permit the 

operation, the surface shall be floated at least twice to a uniform, sandy texture. 

6.2 Dusting with any material to absorb surface water is prohibited. 

6.3 A hard burnished, steel trowel finish with a very light burlap drag shall be provided for 

all slabs. 

6.4 For the exposed sides of pads all depressions, voids, and any honeycombed areas shall 

be cut back to solid concrete, patched, and ground smooth. 
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SECTION C - STEEL 

1.0 SCOPE 

The work to be performed under this section of the specifications shall include the furnishing, 

detailing (including design of all connections), fabrication, and erection of the structural steel 

framing, columns, beams, bracing, ladders, grating, handrail, and toe-plate. 

2.0 MATERIALS 

2.1 Structural Steel: Conform to the applicable provisions of ASTM Standard Specification 

A36 and the latest codes and standards of the American Institute of Steel Construction 

(AISC). 

All materials shall be stored in a manner that will prevent damage from rusting, impact, 

and chemicals. All structural shapes shall be clean and straight. Twisted or damaged 

sections shall not be used. 

2.2 Bolts: All bolting is to conform to ASTM Specification A-325. 

2.3 Angle Iron: All L shaped supports are to be standard L 2 X 2 X 114 solid metal pieces. 

2.4 H beams: All H beams are to be standard W 6 X 12 solid metal beams. 

2.5 Steel plates: All plates will be standard 4' X 8' sheets of metal 1/4" thick. 

3.0 FABRICATION AND ERECTION 

3.1 The contractor shall be responsible for the design adequacy of all steel connections. 

3.2 The erection shall be done in accordance with the latest edition of the AISC specifications, 

the A Ws code. and the OSHA standards. 
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3.3 All column bases shall be set on steel shims of sufficient size to support the dead load of 

the structure. After the structure has been plumbed, leveled, and bolted, grout beneath the 

plates per the grout manufacturer's recommended installation instructions. 
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SECTION D - PIPING 

1.0 SCOPE 

The contractor is to furnish all labor, materials, equipment, services, permits, and tools necessary 

to complete the piping as shown on the schematic P&ID drawings and the plans, layouts. 

Piping is to be installed in accordance with the Pipe Fabrication Institute Standards Fabricating 

Tolerance, PFI Standard ES-3. 

No alternate components or materials shall be substituted without the written approval of the 

owner or engineer. 

2.0 LINE IDENTIFICATION 

Pipe lines are numbered per the following scheme: 

Example: 4"-PW-CS 

4" = 

PW = 
CS 

Nominal Pipe Diameter 

Service 

Piping Material Specification 

3.0 SUPPORTS, ANCHORS, AND HANGERS 

3.1 All piping shall be adequately supported, guided and anchored to prevent excessive 

vibration, deflection, and stress on equipment. Piping is to be supported such that no 

stress is placed on the pumps, centrifuge, or other rotating equipment. 

3.2 Piping shall be arranged and supported to permit removal of equipment for maintenance. 

4.0 TESTING 

All piping is to be hydrostatically tested upon completion of the installation to insure that there are 

no leaks at flanged, clamped, or welded connections. Testing is to be performed at the system 
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design pressure, 125 psig. Instrument components subject to damage by the hydrostatic test are 

to be temporarily removed or blinded from the system. 

5.0 SPECIFICATION CARBON STEEL (CS) FITTINGS AND PIPE 

5.1 Pipe 

2" and smaller 

3" and larger 

5.2 Fittings 

2" and smaller 

3" and larger 

5.3 Unions 

2" and smaller 

ASTM A-53, ASTM A-106 GR. B, or ASTM A-120. Standard 

weight (schedule 40), commercial, galvanized, threaded ends. 

ASTM A-53 GR. B or ASTM A-106 Gr. B, standard weight, 

commercial, carbon steel, compatible with fittings for grooved pipe 

as manufactured by Victaulic, Grinnel, or equivalent. 

ASTM A-338 or A-197, 300# threaded, malleable iron, galvanized 

conforming to ANSI B16.3 or ASTM A-126, Gr. B. 

Standard Victaulic, Grinnel "Groove-Lock" or equivalent grooved 

end fittings for IPS piping. Flexible or rigid type fittings per fitting 

Manufacturer's recommendation for location and service. Follow 

manufacturer's recommendation for location and service. Follow 

manufacturer's recommendations for gaskets, bolting, outlet 

connectors, and flange adaptors for a system to provide 125 psig 

rating in process water service. (Process water will have a pH of 

7 to 10.) 

ASTM A-I97, 300# malleable iron, or ASTM A-105 Gr. B, 300#, 

carbon steel, galvanized, ground joint, brass to iron seats. 
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5.4 Flanges 

2" and smaller 

3" and larger 

ASTM A-lOS Gr. 1. carbon steeL 150# flat face. threaded, 

galvanized, bore to match pipe schedule. 

ASTM A-lOS, Gr. 1 carbon steel, 150# flat face slip-on or weld 

neck, bore to match pipe schedule. 

5.5 Bolting ASTM A-307, Gr. B, hex head machine bolts with heavy hex nuts. 

5.6 Gaskets 1116" thick neoprene 

5.7 Gate, Globe, Ball, Three-way, and Check Valves 

2" and smaller 

5.8 Butterfly valves 

3" and larger 

5.9 Gasket Strainers 

2" and larger 

200# bronze body, threaded ends, bronze or stainless steel trim, 

specified for water and compressed air service. 

As manufactured by Victaulic "Vic 300", Grinnel "Series 7000" or 

equivalent. 

As manufactured by Armstrong, Model SU-10S. Cast Iron body, 

304ss 20 mesh screen, flanged pipe connections. 

6.0 POLYVINYL CHLORIDE (PVC) SCHEDULE 80 FITTINGS AND PIPE 

This specification covers the manufacturing requirement for PVC Schedule 80 piping component 

intended for use in industrial pressure rated fluid handling systems of 140 0 F or less where 

resistance to corrosion is of prime importance. 
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6.1 Materials: Pipe and fittings shall be manufactured from PVC compound which meets the 

requirements of cell classification 12454-B polyvinyl chloride as outlined in ASTM 

0-1784. PVC shall be gray in color. Pipe and fitting materials shall be specifically 

formulated with sufficient UV screeners to provide for long term outdoor exposure with 

no deleterious effects. 

Materials from which pipe and fittings are manufactured shall have been tested and listed 

for conveying potable water by the National Sanitation Foundation (NSF). 

6.2 Dimensions/Design (IPS size): Fitting components that utilize socket type solvent welded 

connections shall have socket diameters. lengths and wall thickness as required by ASTM 

0-2467. Components utilizing taper pipe thread connections. Shall have thread length, 

diameters and configurations in conformance with ASTM 0-2464. 

Fittings shall be industrial, heavy duty, hub style. 

Flanges shall be one piece solid design or two-part van stone type which utilize the taped. 

serrated face and full face gasket technique for joining and are compatible with ANSI 

B16-5 class 150 metal flanges. 

Unions shall be the O-ring seal type having interchangeable components with time-union 

valves for maximum system versatility. 

Unions intended for joining dissimilar materials shall be the transition type. which utilize 

components of the two dissimilar materials, joined with an O-ring to adsorb the thermal 

expansion coefficient differential. 

Pipe shall be as prescribed by ASTM 0-1785 for pressure rated piping system. 
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6.3 Pressure Ratings: Socket fittings shall be pressure rated the same as the corresponding 

size pipe prescribed by ASTM D-1785. Threaded fittings shall be pressure rated at 50% 

of the rating for socket fittings. 

Valves, unions and flanges shall be pressure rated at 150 psi for water service at 73°F, 

non-shock and have a minimum burst requirements of 3.3 times the rated pressure. 

Pipe shall be pressure rated as prescribed by ASTM D-1785. 

6.4 Markings: Fitting and pipe shall be clearly marked with the manufacturer's name or 

trademark, material, ASTM number or alternate symbol indicating compliance with NSF 

standard 14 for the conveyance of potable water, and further indicating compliance with 

the applicable ASTM standard and country of manufacture. 

7.0 PVC BALL VALVES '12" THROUGH 1%" SIZES 

7.1 Materials: Major component parts shall be constructed of '12"-11112" PVC - polyvinyl 

chloride, cell class 12454-B per ASTrv1 D-1784 industrial gray in color. 

7.2 Dimensions/Valve Design: PVC socket type connectors shall be as required in ASTM 

D-2466, ASTM D-2467. Threaded type connectors shall be as required in ASTM D-2466 

ASTM D-2464. 

The valve assembly shall be of uni-valve construction, such that a two-piece body is 

permanently screwed together to contain seats which are maintained under 

compressive load against the ball by elastomeric energizing rings. The valves shall have 

no user serviceable components except handles, and the general design shall stress efficient 

space utilization and economy. 

Flow restriction shall be minimized by full port valve design for sizes '/2'-1" and 

conventional port design for the 1 '/2" size. 
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Valves shall have optional round handles available for safety operation, 

7.3 Performance: Valves shall be rated for 150 psi service at 73 of water, non shock and have 

a minimum burst rating of 3,3 times the rated working pressure for maximum safety. 

7.4 Markings: Valves shall be clearly marked with the manufacturer's name or trademark, 

size, material of construction, country of manufacture and the NSF-pw SE seal. 

8.0 PVC BUTTERFLY VALVES 2" THROUGH 10": This specification covers the 

manufacturing requirements for PVC butterfly valves intended for use in industrial and 

commercial piping systems, 

8.1 Materials: Body shall be manufactured from a PVC compound which meets the 

requirements of cell class 12454-B polyvinyl chloride as outlined in ASTM D-1784, 

Disc shall be brass ASTM B-124 with EPDM upper and lower shaft shall be 420 S,S, 

ASTM-582 O-ring seal material shall be EPDM, 

Bearing shall be PTFE bronze centered on steel. 

Handle shall be of malleable iron with epoxy coating or PVC with throttling index plates, 

8.2 Valve Design: Valve body shall be of the wafer design for ease of installation and 

maintenance and shall be compatible with bolt hole pattern, ANSI B16.5 class 150; 

B.5.1560 class 150; DN200 ISO 2084 PNlO; and DN 200 DIN 2532 PNlO. 

The shaft shall splined to lock into the disc to ensure positive rotation. The shaft shall be 

guided by Teflon coated bearings to ensure against deflection. Disc position shall be 

indicated by the shaft when the Landa is removed. 
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8.3 Markings: Valves shall be clearly marked with the manufacturer's name or trademark, 

size material of cO!lstn!ctiofl. country of origin and pressure rating. Valves additionally 

bear the N SF-pn SE seal. 

8.4 Performance: Valves shall be rated bubble-tight at 150 psi at 73 of water, non-shock. The 

pressure rating shall be based on a minimum safety factor of 3.3. 
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SECTION E - PUMPS 

GROUNDWATER WELL PUMPS 

1. GENERAL 

Furnish and install CEE Standard Ap-4 or equal submersible pump(s) to extract 4 USGPM against 

a total head of 50 feet. 

1.1 Pump Design 

The pumps shall be of the submersible type, down-well controllerless total auto pump system: 

• Down-well located (submersible) air operated pump 

• Internally controlled require no surface controls or otherwise 

= To-loading for total fluid recovery 

• Available for flow-rates at minimum 4 GPM 

• No surface mounted control, bleeders, or bubblers. 

• Ready to be used immediately without any adjustments 

• Know when they are full or empty and therefore, automatically through on or off, using 

air only on demand during discharge cycle 

• Air requirements maximum 90 psi, 2-4 SCFM. 

The total fluid recovery system should be available with the following: 

• Material of construction - stainless steel 

• High strength reinforced tubing 

• A pneumatically driven device that counts the number of pump cycles for maintenance, 

service, and statistical purposes with minimal loss in air pressure or performance. 
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SECTION F - BLOWER 

1. Regenerative Blower 

• The centrifugal blower unit should deliver substantial air flow at moderate pressure 

• Blower should have a direct-drive. high speed, rotating impeller that regenerates or 

compresses inflow with each revolution. 

• Blower should not have gears, belts, motor brushes or sliding vanes that require 

maintenance, impeller, mounting base. 

• Blower should have suction/discharge silencers that reduce noise level to below OSHA 

standards. Blower should have build-in thermal protection to prevent overheating. 

• Totally enclosed motors should operate on 50/60 HZ CSA certified and UL approved. 

1.2. Sizing 

Maximum Pressure in Inches of water 

HP 

Maximum CFM 

Power 

= 5S 

= 1 

= 98 

= 230/v /311>/60 HZ. 
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SECTION G - COMPRESSOR 

Compressor will be single stage, soil injected, rotary screw type compressor. 

1. Electrical Motor 

TEFC, 230/460V, 3-phase, 60HZ, 3600 rpm, Class F insulation. 

1.1 Starter 

Full voltage magnetic starter with 115V -single phase 60 HZ control voltage 

1.2 Drive 

V -belt with automatic tensioning device that provides optimum power transfer and long belt life 

1.3 Control Panel 

Display of discharge pressure, air and lubricant discharge, temperature, operating hours, start-stop 

switch, power on light, emergency stop button safety system with compressor, on light. 

Safety system consists of motor overload, high air and lubricant discharge temperature, wrong 

direction of rotation, and loss of drive should be signaled by lighted indicators. 

1.4 Compressor Control 

Automatic dual control to run either fully loaded or unloaded with reduced power requirement 

during idie periods. Idie period is set to aiiow deiayed stop of compressor in case of no air 

demand. 

1.5 Air/coolant system 

Air intake and cooling air enters the unit through replaceable pre-filter. Pneumatic inlet and vent 

valve. ASME separator should be equipped with safety relief valve. Oil level sight glass, and 

quick disconnect fittings for manual verification of separator element contamination. Tank 

mounted unit. Compressor should be equipped with air drying system. 
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SECTION H - METERING FEED PUMP 

Mr-operated Batch Metering Pump 

• Air-operated diaphragm should be equipped with a pneumatic controller assembly for pre

set dispensing. 

• The controller should monitor the diaphragm pump pulse to allow to accurately control the 

number of cycles the pump will produce. 

• The pump housing is polypropylene; the diaphragm and ball check valves should be teflon. 

• Maximum temperature is 150 of, maximum pressure 100 psi. 

• Pump should have a 114" FPT air inlet. Intake and discharge l/Z" FPT. 
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SECTION I - GROUNDWATER WELL SYSTEM 

1.0 System Elements 

The groundwater well system to be installed for the treatability study will consist of two extraction 

wells, four re-injection wells, two air sparging wells, and three treatability study monitoring wells. 

The location map shows where these wells are placed on the treatability system area. 

1.2 Groundwater Extraction Wells 

Two groundwater extraction wells will be 4-inch polyvinyl chloride (PVC) screened in the deep 

saturated zone. The wells will have a No. 20 slotted PVC screen of 15 feet length starting from 

the base of the underlying Ashley clay formation which forms the relatively impermeable layer 

underneath the deep saturated treatability zone. 

1.3 Groundwater Re-injection Wells 

Four groundwater re-injection wells will be 4-inch polyvinyl chloride (PVC) screened in the deep 

saturated zone. The wells will have a No. 20 slotted PVC screen of 15 feet length starting from 

the base of the underlying Ashley clay formation which forms the relatively impermeable layer 

underneath the deep saturated treatability zone. 

1.4 Groundwater Air Sparging Wells 

Two groundwater air sparging wells will be 4-inch polyvinyl chloride (PVC) screened in the deep 

saturated zone. The wells will have a No. 20 slotted PVC screen of 15 feet length starting from 

the base of the underlying Ashley clay formation which forms the relatively impermeable layer 

underneath the deep saturated treatability zone. 

1.5 Groundwater Treatability Study Monitoring Wells 

Three groundwater study monitoring wells will be 4-inch polyvinyl chloride (PVC) screened in 

the deep saturated zone. The wells will have a No. 20 slotted PVC screen of 15 feet length 

starting from the base of the underlying Ashley clay formation which forms the relatively 

impermeable layer underneath the deep saturated treatability zone. 
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Well Specifications 

All the wells will be installed in a boring drilled to a depth to target the deeper zone of the aquifer 

just above the confining Ashley unit. The wells will be flush-mounted at the ground surface and 

have a well vault. A typical well design and vault design is in Attachment D. The completed drill 

hole will have an outer diameter of 8 to 12 inches, and should be large enough to accommodate 

a 4-inch inside diameter (ID) well screen and standpipe. The wells will be flush-mounted at the 

ground surface and have a well vault. A typical well design and vault design is in the Drawings 

section of this document. 

After installation, the dewatering test well shall be thoroughly developed by the drill crew for at 

least 2 hours, using a combination of pumping, surging, and flushing with potable water. All 

residuals derived from drilling and developing tlie dewatering the test well will be managed as 

hazardous waste. Development will be completed when the engineer or geologist has judged the 

well to be clean and hydraulically responsive. 
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Attachment B 

Instrument Information 



SHORT AP-4/TL 
SHORT TOP-LOADING 4-INCH AutoPump® 

CONTROLLERLESS TOTAL FLUIDS RECOVERY SYSTEM 
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___ 5 MICRON FILTER 
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MINIMUM 
FLUID 
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PUMP 
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-- VATER 

~,Clean Environment Equipment 
r~ EQUIPMENT FOR GROUND'w'ATER REMEDIATION 

AND LEACHATE EXTRACTION 
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AutoPump® DATA MODULE 

WEATHERPROOF ENCLOSURE ~ 

, 
o @ 

~AlR-!O-PUMP GAUGE 

~----~15~------~~=---~~~r-----~~L 1< SENSOR 

AlR INLET SUPPLY 
GAUGE 

Fll.TER/REGULATO 
COMBO - 5 MICRON 

AlR Fll.TER 

REGULATOR 

LJ--------- LEVEL 
SENSOR 
GAUGE 

.5-5 SCFH 
FLOW 

METER 

PUMP CYCLE ;.tt L..:
O'--__ --L'r----1 \------::I.J:---±l::----:l...i:-----' 

COUNTER -./ I ~ =::.. 
';)Ig) 

~OMATICj AlR-IN~ AU'! DRAIN 
QUICK-CONNECT 

NOTES: 

PUMP AlR 
QUICK-CONNECT 

• ON/OFF VALVE FOR LEVEL INDICATOR NOT SHOWN 

0-200" 
LEVEL 

INDICATOR 

LEVEL 
SENSOR 

QUICK-CONNECT 

VACUUM/PRESSURE 
REFERENCE 

• DIFFERENT TYPES OF LEVEL INDICATORS AVAILABLE. 
• VACUUM AND/OR PRESSURE GAUGES AVAILABLE. 
• ENCl.OSlJP..E SIZE VAlUES DEPENDENT ON COl!PONENTS SPEC!F!ElJ IN Ea1qCT...DSl.JP.E. 

FRONT VIEW - COVER REMOVEP 

A Clean Environment Equipment 
~~ EQUIPMENT FlJR GROUND ..... ATER REMEDIATION 

AND LEACHATE EXTRACTION 
U33 7th ST. 

-....-. CWCL.NCD. CA 94607 
..". <S1D) 19l~ C8OQ) $17-1767 FAX CSlo) 444-'6'789 
1tUJWCES 

....... IInQVDE II'ECInEII 
liIGA.M:zr 

n.c. JID:.., _ :la. .DID( :.IIIS 

_.u .. '" 111\£ . AutoPuMP 
-"" DNY RAMtR -eo DATA MODULE -... - ....... 6011131 CHDID --- ""'" IDE 



FLANGE WELL CAPS 

FLANGE WELL CAP WITH 
HOLES & EYEBOLT I 

FLANGE WELL CAP WITH 
NYLON COMPRESSION 
FITTINGS & EYEBOLT 

----------------------------

FLANGE WELL CAP WITH 
HOSE BARBS & 

EYEBOLT 
NOTES: 

• AVAILABLE IN SIZES 
TO ACCOMODATE MANY 
WELL DIAMETERS. 

• EYEBOLTS AVAILABLE ON 
TOP AND/OR BOTTOM. 

FLANGE WELL CAP WITH 
QUICK -CONNECTS 

& EYEBOLT 

~ ..... Clean Environment Equipment ......-r ...... EQUIPMENT FOR GROUNDIJATER REMEDIATION 

---
AND LEACHATE EXTRACTION 

U.33 7th ST. 
IW<UHII. CA ...., 

C51G) ftt-G88CI C8DQ) 531-1767 FAX C5llD 444-6189 

tA£I:I ~ftCIF1EI ~ Jl1It nu 
..... --..;~ _ 'my RAM FLANGE WELL CAPS 
.D :.. .-.:r: .-:s JaIIiIO .......... ... ... 

6CI02G1 



WELL CAPS 

o 

WELL CAP WITH 
HOLES & EYEBOLT 

(NON -PRESSURE) 

-

l--....--J 
(Q) 

WELL CAP WITH 
NYLON COMPRESSION 
FITTINGS & EYEBOLT 

- - - - - - - - - - - - - -1- -- - - - - - - - - - - --

WELL CAP WITH 
HOSE BARBS & 

EYEBOLT 

NOTES: 

- AV AlLABLE IN SIZES TO 
ACCOMODATE MANY WELL 
DIAMETERS. 

-EYEBOLTS AVAILABLE ON TOP 
AND/OR BOTTOM. 

U 
WELL CAP WITH 

QUICK -CONNECTS 
& EYEBOLT 

A. Clean Environment Equipment 
,~ EQUIPMENT FOR GROUND'JATER REMEDIATION =-= AND LEACHATE EXTRACTION 

U33 11:h ST. 
......-CA04GG7 

'JELL CAPS 
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SOIL 
WITH 

VENTING 
AP-4/TL 

WELL CAP 
AutoPump® 

/ PRESSURE RELIEF VALVE 

AIR IN 

EYEBOLT F 
PUMP SUPPORT 

4- INCH I.D 
PVC \JELL 

--- --------- -----.---- --- --- ----- --- ---=------::.-. -:... ---:::.-. --------- ---- ---.:::-------~-- --"---- ~-' ._-..... 
:---::..... ---:::.... -----:::.:.. -- ---- ---- - .--"-., ------ ------ ---- .: --.:-., ~ ----:::::....---~---.: ----., 
. --- --- "---- ---- ---. ----- ----- -----:: ---~-.:.....---==--------:::---~ ~ ---=-~-:-.: ----, 

__ ---:::.... __ ---::.-. ---.. .:-..c--, 
==------ -.:.....---:-.----
. --- --- --~ -:...::?---::?-- --- --- ------ ---- --- --- ------- --::.--~ --::--- : --.:-. 
.:::-~ ----~ -----.: ._ ...... --- --- ---. --- --- --~ --::?---::?-
- -----::..... -----:-. ---------., -----::....----- ------THE CAPS ARE 

ALSO AVAILABLE 
\JITH BARBS 
INSTEAD OF 
QUICK CONNECT 
FITTINGS AND 
PIGTAIL HOSES 
TO MEET SITE 
REQUIREMENTS. 

_----FLUID DISCHARGE 

THREADED AND PLUGGED 
HOLE AVAILABLE 

2-INCH VACUUM PORT 

_--t- CONE OF DEPRESSION 

~ --- ----.-.-:: ----,..;:------ -------- --- ----~ --~ .....-:"""--.-:-.----- . 
--~-- ---- --:--- - -

HYDROCARBON 

TOP LOADING 
AP-4 AutoPuMP® 

-- ------'---.-.--~-...:.::---- NOTE: 
------ -----=----__ ~..:-.-:::-: \JELL CAPS AVAILABLE IN 
~ ____ --__ _=_ SIZES TO ACCoMoDA TE ---- -:----- ~ ~ ~~..;... MANY \JELL DIAMETERS 
__ --__AND VACUUM PORTS. 

~~ Clean Environment Equipment 
r~ EQUIPMENT FOR GROUND'JATER REMEDIATION 

AND LEACHATE EXTRACTION 

---
~:. 

~ • .xxx:.., 
JOI:. JDDOC:_ 

1133 7ti1 ST. 
CJAKI...Nr(Q. CA 94607 

(510) 891-G880 (80(1) 537-1161 



C E E Tanlc-Full Shut-Off System (TFSO) 
SECTION 7 

SPECIFICATI o N S 

The CEE Tank-Full Shut-Off System is a self-contained safety system which can be used to 
turn off other pneumatic systems in the event of a liquid level rise or a pressure increase in a 
container (e.g., product recovery tank, oiVwater separator, and/or surge tank). This system, 
which incorporates a dual-sensor safety mechanism, can be "T-ed" to monitor many tanks or 
containers without the need of adding more TFSO systems. This system consists of a 
TFSO Tank Unit with a fume/product overflow return, an air-operated control panel, a 
filter/pressure regulator, and a hose package. 

METHOD OF OPERATION 
The TFSO System is mounted first in a given series of pneumatic systems and passes 
compressed air to other "downstream" pneumatic systems as long as a "trip condition" does 
not exist. A TFSO Tank Unit is attached to each tank where shut-off protection is desired. 
The TFSO System monitors all TFSO-equipped tanks and if anyone of the following 
conditions exists, the system closes the valve supplying compressed air and exhausts the 
air, shutting down all "downstream" systems: 

• Liquid Level Rise in the Tank. If the liquid rises 4 inches above the float guide tube or 
pushes the float up against the trip button, the system trips. 

• Hoses Are Not Properly Connected or a Hose Leak Exists. If an 1mproper hose 
connection is made or there is a cut in one of the sensor hoses, the system will trip. . 

• Tube Sensor or Fitting Blockage. If any of the hoses or fittings become clogged by 
debris or condensate build-up, causing back pressure of up to 3 to 4 inches of water 
pressure, the system will trip. 

• Tank Vent or Control Exhaust Blockage. Dangerous pressure build-Up in a container 
is sensed by the TFSO Tank Unit and causes the system to trip. 

• Tank-Full Reset Button Has Not Been Pushed. The TFSO System requires the 
manual pushing of the reset button before continuing operation. 

• Oil/Moisture Enters Controls. If oil or water from the compressor clogs the sensors, 
the controls will shut down. 

TFSO TANK UNIT 

The TFSO Tank Unit has two sensors (a bubbler sensor and a float sensor) and a 
fume/product overflow retum. 
The bubbler sensor: 

• Is fed a small amount of air which bleeds into the atmosphere or bubbles into the fluid. 
• Is the guide tube that the float sensor slides up and down. 
• Trips when 3 to 4 inches of water pressure is sensed. 

The float sensor: 
• Utilizes a 2-piece, hydrocarbon resistant float. 

• Is triggered as the float rises with the fluid level coming in contact with a button located 
on the TFSO Tank Unit. This contact releases the air pressure built up behind the 
button, tripping the system. 

The fume/product overflow return: 
• Directs fumes back into the well (or other tanks if desired) under normal conditions to 

avoid potential hazardous accumulations of explosive fumes. 

• Allows fluid to return to the well (or atmosphere or other tanks if desired) should both 
the bubbler and float sensors fail. 

(800) 537·1767 Clean Environment Equipment· rev. 3 7a-1 



• TFSO (Cont'd) 

CONTROL PANEL 

The Control Panel consists of TFSO circuitry, a pump air valve, air filters, and a pressure 
regulator; all housed within a NEMA 12 wall-mountable, aluminum enclosure. 

The Tank-Full Shut-Off (TFSO) Circuitry: 

• Has an overriding safety circuit that stops air flow to downstream pumps (Product, 
Total Fluids, and/or Water Pumps, etc.) when activated by the TFSO Tank Units. 

• Includes a control panel-mounted Status Indicator and Reset Button that allows the 
operator to assess the condition and to re-start the system. 

The air filter/pressure regulator unit: 

• Is typically mounted on the Control Panel. 

• Consists of a two-stage, 5 micron (first stage) and 0.01 micron (second stage), 
particulate filter contained in a metal bowl. 

• Includes a f!cat~operated condensate drain. 

• Includes a pressure regulator that is adjustable from 0-125 psi and is rated for 250 psi. 

• Allows for the adjustment of supply air pressure to the value necessary to operate the 
system. 

• Is typically provided with locking-sleeve, hydraulic grade brass quick-connect fittings. 

HOSE AND HARDWARE PACKAGE 

The hoses supplied with the system are of industrial grade. 

• The main air supply hoses equal or surpass Parker 801 specifications. 

• The TFSO Sensor Hose consists of a low pressure single-wall PVC tubing. 

• All hoses are color coded and equipped with non-interchangeable, brass quick-
connect fittings. • . 

SYSTEM REQUIREMENTS/PARAMETERS 

The TFSO System: 
• Has varying air usage, however, less than 0.7 scfm @ 80 psi is considered 

appropriate for most applications. 

• Requires a 2-inch Female NPT fitting on tank for the TFSO Float (2-inch Male NPT). 

SYSTEM OPTION 

• Single Sensor TFSO Tank Unit. 

MATERIALS OF CONSTRUCTION 

The TFSO Tank Unit: 

• Hydrocarbon resistant float material 
• Stainless Steel 

COMPONENT AND SHIPPING WEIGHTS 

• Brass 
• Aluminum 

ITEM . . I COMPONENT (lbJkg) I SHIPPING (Ib./kg) 
Control Panel 20 / 9.1 23 / 10.4 
Tank Unit 2 / 0.9 4 / 1.8 
Hose Package Varies Varies 

(800) 537·1767 Clean Environment Equipment - rev. 3 7a-2 



DUAL-SENSOR TANK-FULL SHUT-OFF (TFSO) SYSTEM 

THE CEE TFSO SYSTEM PROTECTION EXTENDS BEYOND THE CLASSIC PRODUCT TANK-FULL 
CONDITION. IT ALSO INCLUDES A UNIQUE DUAL SENSOR HOSE FOR ADDED SAFETY. IN 
ADDITION. ALL EQUIPMENT RECEIVING AIR THAT IS FED BY, AND DOVNSTREAM OF, THE 
TFSO CONTROL PANEL, INCLUDING FLUID EXTRACTION PUMPS AND SKIMMERS, ARE TURNED 
OFF DURING 'SHUT-DOVW CYCLES. 

DUAL TFSO SENSOR HOSE~ 

STANDARD TFSO~ 
UNIT \ 

OPTIONAL TFSO 
UNIT LENGTHS ARE 
AVAILABLE FOR 
DIFFERENT TANK 
CONFIGURA TIONS. 

fiij(Il[JI!' 

PRODUCT 

RECOVERY 
TANK 

elF ANY SENSOR HOSE IS 
DISCONNECTED, THE SYSTEM 
VILL SHUT DOVN. 

elF THE DUAL SENSOR HOSE 
IS PINCHED DR CUT, THE 
SYSTEM VILL SHUT DOVN. 

elF ANY SINGLE TANK ARMED 
VITH A TFSO UNIT SHOULD 
FILL. THE SYSTEM VILL 
SHUT DOVN. 

-

TFSO CONTROL PANEL 

DIL/VATER 
SEPARATOR 

V ALL MOUNTING 
CONTROL PANEL 
12' X 14' X 11' 

(20 Lbs.) 

SUPPLY TO 
rur,r", AND/OR OTHER 

CONTROL PANELS 

ADDITIONAL SINGLE-SENSOR 
TSFO UNITS CAN BE ADDED 

TO THE SYSTEM. 

SURGE 

TANK 

~ ..... Clean Environment Equipment 
~~ EQUIPMENT FOR GROUNDWATER REMEDIATION 

AND LEACHATE EXTRACTION 
1133 7th ST. 
DAICl...AND. CA 94607 

C51D) B91-G880 (BOO) 537-1767 FAX <S1O> 4 ... -6789 

tN..ESS a=.sr;uAJi I=:;-...... _'_ .... --!-.. _"-\ 
nAC • JQDC:.AIIS ~~y RAHIR£ 
.xx : At .xxxx: .-s DtaIiIO ......... 

DUAL-SENSOR TANK-FULL 
SHUT-OFF (TFSO) SYSTEM 

""' ... 6001'37 

NIlNE 



TFSO UNIT AND TANK ADAPTOR 

!TFSO UNIT! !TANK ADAPTOR I 

PRIMARY TANK-FULL~ 
CONTROL CONNECTIONS 

OPTIONAL TFSO UNIT 
LENGTHS ARE AVAILABLE 
FOR DIFFERENT TANK 
CONFIGURA TIONS 

\ 
\ 

\ 

PROTECTION VIA A 
TANK-FULL OVERFLO~ 
AND FUME RETURN HOSE 

3/8-INCH J 
BARB FOR FUME 
RETURN HOSE 

(G33IJ 

I 
/ 

,/ 
=~ .... ~ 

- HYDROCARBON 
INLET 

2-INCH DRUM BUNG 
OR 2-INCH FEMALE 
PIPE THREAD 

/ ~ 3/4-INCH DRUM BUNG 
OR 3/4-INCH FEMALE 
PIPE THREAD 

NOTES, 
• OTHER SIZES AND 

CONFIGURATIONS OF 
PRODUCT RECOVERY 
TANKS ARE APPLICABL 

• ALL FITTINGS ARE 
BRASS QUICK-CONNECT 

k .- ) 

HYDROCARBON RECOvER~ 

TANK 
(-.. .- ) 

E 

S 
('-... ....-) 

AClean Environment Equipment 
, ..... EQUIPMENT FOR GROUND~ATER REMEDIATION 

AND LEACHATE EXTRACTION 
1133 7th ST. - OAKL~ CA 94601 .... C'510) 891-0880 (800) 537-1767 FAX (SID) 444-6789 

"""""" ..... DATE mu: TFSO UNIT AND TlI.ERANC£S 
I.N-£SS D1l£RVISE SPECIFlED _\IN 

TANK ADAPTOR DNY RAMIREZ -1-94 
II£SIGIER D\/G No. REV 

600198 
CI£CI([]) 

NG.l..AR: :.31)-
fRAC • .xxx:.DOS 
.xx : m. JOCXX: .ooos 
.. TtRIAI. 

SCN.L 
APPOIJIIElI NONE 
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LIQUID LEVEL SENSORS 
Modeis 404 and 408 

~tures 

• Digiiai. display of wateI- depth 
• InU:rnal pressure-to-voltage traDsducer 
• 4 adjustable trip points on Model 404, 

5 adjustable trip points on Model 408 
• Pinggabie term.in.ais for C'asy ins'"Liillatioo. and 

eervIce 

• Solid-state outputs 
• 4-20 mA output 
• Moisture protected circuits 

The Model 404 and 408 Liquid Level sensOrs oper
ate In conjunction With a Model 403 or 407 Control
ler for bubbler-type pumping systems. The Sensor 
contains an air pressure-to-voltage traDsduce:r and 
requires only a small air compressor capable of IS 
psi (poUDds per square Inch) to operate the system 
down to app:c lil!!lately 35 feet.l!'orpract:k:al pmpoees, 
the Models 404 and 408 are functionally identical. 
With the 408 simply baving another sensing level. 

The Sensor's solid-state outputs an:; designed to re
place the float switch Inputs to the appropriate con
tro1ler (Model 403 or 4071. or to be used With a Model 
448 Output Relay Board. A 4-2Oma sJgna1 output pro-

1es for other control applicatiollfl. A 3-dfgIt LED 
.splay continuously sllows the liquid level to a tenth 

of a foot when tlie Display Control.switch is in the 
Liquid Level position, Other switch positions are 
used dudng call1:lration of the liquid level trip points. 
Indicator LEOs illuminate as the levels are reached. 
A test control allows the triP sett:inl!:s to be checked 
without actually raising or iowerini the liquid level. 

Speclflc:aHOOS 

MOdel 404 I 4011 
NO. or OUIpUIS ... I I) 

Input voltage 24 or 120 VAC, ±15% 
Inputtraquency_ 47_HZ 
POwer consumPtion 2 Willis 
Transient prot9CUon 2500 VRMS lor 10 ms 
AIr pressure input o to 15 psi max. 
Input air supply filling Requires ;3116" 1.0. tubing 
MlIlamum IIqUlO 19\1li1 34.6 feet OISPlaVea 
calibration ±2% 
Repeat accuracy 
mx'ed conditionS) ±1% 

Repeat accuracy (O-WC) ±2% 
Dead Band 0.1lOO1 

UpelHXlUector transistors raled 
tor regulallld 12VDC, 10 rnA. maxi-

Switching outpUIS mumOesigned as InpuIs for a 403 
or 407 Controller. or the Model 448 

Output Relay Board 

Signal OutpUIS 4-aJ rna oUIpUI proportiOnal 
to ~ feet ot_er 

Operating temperalUre -40" to 5O'C 
lStorage tamperaIUrB -i!II" to 7O"C 
~UIllI 10l9/lll1C8 \HI,.,. WIO condBnsation 
case matarlal 20aa steel 
Termination Removable terminal strip 
Weight 3.5Ibs. 

0 . . . . 
B 0 

0 eleee 
1&19 19 jlsl I I 

. 
Fig,,", 9. Model 4CI8 DimansIona 

II' 12 (3JC.8) iI I-~-l 11.46 (281.118) 

0 ..... 0fT. p t 0 o 4.62 
B 0 

e e e e e 127) 5.5 (117.34) 
eeeee 1 (1311.7) l 

0 -, 
'--.187 III (4.16) 
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INSTALLATION 

General Safety 
.'aming: disconnect power when instaIIing or servic

uzg this device. 
• ThIs product should be wired by quallfled per

sonnel accordiDg to the Natlonal Electrical Code 
and all local codes. 

• Do not ell fcd the output or Input ratings as 
stated In the Spec1flcatlons. 

• Protect the device with properly rated fuses. 
• Do not InstaU In damp or moist areas. 
• TIlls device should be Installed In such a way as 

to prevent bodJIy Injury or property damage In 
the event of product failure. 

Panel Layout 
A Pwnp runnlng time meter to 99,999.9 hours, nolHllSBttable. 

B Indicator LED's lIIumlnale When pumps are running. 

C Indicator LED's lIIuminale When pump is stopped because IhS 
remote alarm clrcutt Is open. 

o Hand-Off-Auto switch to manually or automaliCally control thS 
pumps. 

E Lead pump selector switch provides an alternating lead pump 
seJectlon or a1ixed lead pump operation of Pump 1 or Pump 
2 (or Pump 3 on Model 407). 

IndiCalOr LED's show Which pump Is the lead pump for the 
next pumping cycle. 

a MomentaJy switch tests remote BIarm bell, Dght, and IDumlnates 
alarm IIghtJ. 

H Momentary switch silences alarm bell until problem Is cor
rected. 

I Momentary switch resets all alarm Indicators to retum to nor-
mal operation. 

J Alarm light stays Itt until alarm reset switch Is pressed. 

K Indicator LED's show Which level switches are closed. 

L Indicator LED nlu!11lnales When primary power Is appUed. 

Mount!ng 
1. Mount the Controller In a suitable enclosUI'C. 

2. Unplug the terminal connectors from the control
ler. 

3. Refc:mng to the terminal block decal on the con
troller and the illustr'atlon on the next page, make 
the following connecHons: 

A. ('rmnect a chassis ground to the e:nnlnals markl:d 
CHSGND. 

B. C'.ormcct 120 we opemtIDg pawer to the e:rminals 
markl:d for input voltage. 

C. Cc«mcct the JJ:1W' fJoa18witch to tile IJJW terminals 
Polarity Is not critical. 

D, Repeat step C for the LEAD, LAG, (LAG-LAG) and 
mGH terminals. 

E. The SIGNAL GROUND connection Is a mmmon be
tween the Controller and a Llquid Lcvel Sensor. 
No connecHon Is necessary if the Sensor is not 
used. 

F. The PUMP 1 a: 2 REMO'IE ALARM (and PUMP 8 on 
Model 407) temllnals should be canncoc:ted to nor
many closed (NC) a1arm ccmtacts In tbe motors. If 
none exist (or are not needed) Install ajumper 
cannectlon between the Pump 1 terminals and a 
jumper b:twecn the Pump 2 terminals (also Pump 
3, if Model 407). 

G. The POWER. FAIL..ALARM BELL, a:.ALARM UGKr con
tacts are not required for proper operation, but 
are provided for your convenience. If used, con
nect an audJovIsnal alann across tile POWERFAIL 
tcmrtnals The cxmtact Is open wbRe power Is ap
plied and closes on a loss of power. COnnect 
audlble and vIaual alaIms across the ALARM BELL 
and.ALARM UGHI' terminals. These contacts are 
DOIIDally open ami will clcse on a fauit (high or 
remote alarm) condlUon. 

H.. Connect tile POMP 1 and the PUMP 2 contacts to 
the appropriat.c motor cxmtrol cIrcalts. These 
contacts start and atop tbe pump motors during 
opemt1on. 

4. Set the HGA (band-oft'-auto) switches and the LEAD 
PUMP SELECTOR sw1tcb. as required.. 

5. Apply operat1Dg power. 

Page 3 



Rgure 12. Mode! 404J408 Typical Application 

MOoa_ 
ctGONO 

,15_ ~ n. "'" 
1==--UCI I.£V --ua 

L<AD 

LOW 

SIGNAL GN. 

WET 
WEll. 

J-r ..... • 1 , 

Agur. 13. Model 404 Terminal 
Connections 

o CHS GNO 

8 115 VAC 

o SIG GND 

0-
,....,~I.OW 
'-' . 
0-
0+ LEAD 

O-LAG 
0* 
8: HIGH 

O-UQUIO 
O+LEVB... 

II III 
MOOS. _l:C -...., 

I ....., 
LOW 

ALNIN ........ ....... 
....... 2 AEUCJJE AU.AW UGHT BBJ. .... 

IDlE 3 NOTE 3 ........ 
IDlE. .......1 REI«J1E. AI.ARII 

" II - ..... " I'OW£R FAL IUl. 

+ 
ALNIN oaJ. IUl. 

AlARM UGh"T H.O. 

-'- """"' 
..... KO. 

- L III!II3fE IUMI N'U'IK .. NONMU.Y .... ,KO. ..... 01"81 COI'CfAC18 I.QCAIID AT nE MJ'taIII , ~""""GQaDFIIO'I' ...-.... 
I a. fIDIWER NI.. CIOMIIICII; a.c. aM ,. ~~ n0ACGROUND I a. MANI EL ND ....... lBtf (;IOIICDCfI; 

a.aE CIJiI M.NIW CCItIQIDC. 

'15 "'" 

"""'" """"""" .. "''' 

Figure 14. Model 408 Terminal 
Connections 

O"''--C-H''''-S-G-N::::"O 

Troubleshooting 

Problem: Erratic and/or unstable operation when 
used with 4031407. g 115 VAC 

o SIG GNO 

O-LOW 
()+ 

0-
0+ LEAD 

O-LAG 
0+ 
0-
O+L.AG-LAG 

g:HIGH 

O-UOUIO 
O+LEVB... 

Cause: Signal ground wire between the two units Is 
not counected. 
SolIltiml: Connect slgllal ground. 

Problem: In test position. display reads other than 
zero with adjustment fully counterclockwise. 
Cause: 'IbIs Is a normal condition; fully counter
clockwise on the aqJustment may be below zero. 
SnJnUgn. Turn the adjustment sUghtly clockwise; 
the dispiay should read zero ior higher;. 

These devices are not field repairable units. Sbould 
one not operate properly during the adjustment or 
testing plooedures, Insure that an counect1ons, elec 
trical and aJr prWSilre, are COllect. Verify that the 
piOper voltage Is applled and check all fuses. Con
tact the factory if everything Is COllect and the device 
still faIl.s tIl openUc. Should the sensor ran during 
use, contact the Iactcry for lnstrucUcms on return
"lng the device for repaJr. 

Page 7 
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PACKAGED COMPRESSOR SYSTEMS 

Complete Compressed Air Systems 
Packaged Systems are Perfect for Many 
Applications 

Kaeser packaged compressor systems are the answer to 
many challenges The compact design puts a complete sys· 
tem In a very small space. Factory assembled and tested. 
they are great for a small shop or manufacturing plant. 
These packaged systems are also excellent as a back·up 
system to keep crittcal equipment operating. 

Simplex Packaged Compressor System 

Designed for Dependability 

Pacl<aged compressor systems match Kaese~s Sigma profile 
rotary screw compressors wrth a high efficiency refrigerated 
Clryer. an appropriately sized receiver, and the necessary 
filters to provide the level of air quality you require 

Rotary Screw Air Compressors 

The rotary screw compressor is designed without compres
sion valves or piston rings. Therefore, maintenance IS easy. 
Kaeser's efficient Sigma profile design also produces up to 
20% more air per horsepower. 

Each compressor IS contained in a sound absorbing enclo
Ire. ThiS filtered enclosure keeps the components clean 
\d reduces noise levels to as low as 66 dB(A). 

Refrigerated Air Dryers 

Kaeser refrigerated dryers cool the compressed air \0 con· 
dense and remove mOisture. They produce pressure dew 
pOints as low as 35°F The tube-In-tube smooth surface heat 
exchanger prevents fouling, and a hot gas by-pass valve 
eliminates freeze up. 

Fiitration for Reiiabie Quaiity 

compressed air quality is crlucal lo( many applicatiOns 
Kaeser provides customized fiHration to ensure your paCk· 
aged compressor system delivers a dependable supply 01 
high quality air. Filters are available to eliminate particles as 
small as .01 micron. 

A Complete System 

Kaeser Sigma prolile rotary screw comp~essors, refngerated 
dryers and filters are matched with an apJropnately Sized lank 
to make a reliable, compact system. :AII inter-connecting 
piping and wiring is completed at the factory 

Multiple compressor systems Include a sequencer. The 
sequencer saves energy by running only the compressor(s) 
needed to meet the current demand. Dryers and optional fiI· 
trallOn package Include by-pass piping to allow servIcing 
Without system shutdown. 

Kaeser packaged compressor systems are factory eng'
neered to ensure all components are properly Sized. 

Installation is easy. Simply connect to the electncal system 
and pipe the package in to your compressed air piping sys
tem and you are ready to go. 

Duplex Packaged Compressor Syst~m 

• 
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ENGINEERING DATA 

.... lngle Compressor Packaged 
Systems (Simplex) 

Dual Compressor Packaged 
Systems (Duplex) 

:_··~~~~~~.Y~':~:~.:-:~~)~·i~:~.:;··'~~~~:i~~~:-fi~:!;~; ~_~:C~i~_~.~_:~:;·;-?;_-~~f·~~~~i~~~ji 
100 

SX-3 3 
lID 
145 
190 

<00 till t... '1'A"; ~ 100 
110 SX-6 5 145 

il.S' PSi/ZOCFf' 
II v\ ... / -r , ..... vy 190 

100 

SM--8 7.5 '10 
145 
190 
100 

SM-" '0 110 
145 
190 
100 

SK-'9 ,S 110 
145 
190 
100 

SK-26 20 110 
145 
190 

Standard Features: 

• SX. 8M or SK Sigma screw compressors 
• 230!460V TEFC Motor 
• Refrigerated air dryer with by-pass piping 
• A8ME coded receiver tank including: 

Air pressure safety relief valve 
Liquid filled pre-s..sure gauge 
Manual drain valve 

• Heavy duty steel frame 

13 100 
I 1.5 
8.5 SX-3 2x3 1·10 

145 
5.5 190 
23 100 
21 
17 

SX-6 2x5 lID 
1~5 

13 190 
32 100 
30 
25 

SM-6 2 x 7.5 1"0 
1'15 

20 1130 
44 100 
42 
36 

SM-" 
2x 10 mo 

1~5 

29 1110 
71 100 
68 
58 

SK·'9 2 x 15 1:10 
145 

45 190 
96 100 
92 
80 

SK-26 2 x20 110 
1115 

65 190 

Optional Features: 

• Single p se e ectrics on 8X-3 and 
~X..a models I 

·208l230V 

• Compressors in sound absorbing enclosures 
• Sequencer for dual compressor packages 

Specifications are subject to change without notice. 

Authorized Distributor: 

26 
23 
17 
II 
46 
42 
34 
26 
64 
60 
50 
40 
68 
B4 
72 
58 

142 
136 
I 16 
90 
192 
184 
160 
130 
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COMPRESSORS 

REFRIGERATED AIR DRYERS 
High Performance Refrigerated Compressed Air Dryers 
With Capacities From 5 to 2300 SCFM 

Water Seriously dilutes the 
performance of your com
pressed air system 

Atmospheric air entenn9 a compressor 
containS water vapor (humidity). In fact, 
a1 75" F and 75%. relalive humidity. 6 
gallons of water enter a typical 25 hp 
compressor every 8 hours 

The process of compression concen
trates this water and as the aIr heats up 
dUring compression the water remains 
vaporized But once the compressed arr 
Iravels downstream. It cools and the 
vapor condenses into liqUid droplets. 

If not removed, thiS waler contaminates 
the entire compressed air system 

Gradually, corrOSion leads to air leaks, 

! - ": 

. ~ 

1 • • • :-_: ~ 

I " -' ~:~~""-:~~1 

pressure drops and sca\e 1ormahon. 
Maintenance and repair costs on pneu
matic equipment Increase, products and 
processes can be ruined, and lost pro
ductIon time is often the result. 

The cost of fallmg to remove wlrler from 
your compressed alf system is high. 

KAESER dryers increase 
productivity and reduce costly 
maintenance 

The proper KAESER a" dryer Installed 
in your system provides an economICal 
solutIon. KRD ref(igerated aIr dryers 
remove the water from yo!)r compressed 
air system to protect your product, 
eqUipment end ptant efficiency. 

KRD-35, KRD-200 and KRD-500 

Designed to be durable, 
efficient and 
enVironmentally friendly 

With KRD dryers. c~pressed air er
ters a precooler rehea,er where Incom· 
Ing air is cooled by refflgeraled outgoing 
air. This precooled air requires less enera 
gy to dry and the rehel.ted outgoing air 
eliminates pipe sweatlig 

The air is refrrgeraleqlln a smOoth sur· 
face. non-fouling tube-m-tube heat 
eXChanger charged Wtt~ environmentally 
safe refrigerant. ThiS KAESER deSign 
ensures a consistent supply of dry air 
throughout the lile of the dryer II main· 
tains effiCiency Without exceSSive pres
sure drop or Ihe added cost of a prefilter 

Condensed liquid IS removed by a 
high performance sep~rator and IS diS
charged by an automat' C drain trap 

The outgoing air no has a reduced 
pressure dew pOint; th temperature at 
which water vapor coidenses to liquid 
(under pressure) 

I , 
The entire KAESER system IS de· 

signed to operate efficiently and reliably 
over a wide range of flows Temperature 
In the refrrgeration evaporator IS precise
ly controlled by a hot gas by·pass valve 
for QUick response 10 flow changes KRO 
dryers supply compressed air With ., 
consistent pressure dew pOint and no 
danger of evaporator free,e-up 

Simple operation with easy 
to read instrumen~ panel 

Models KRD 25 and U~ feature 9auge(s) 
which conveniently display operational 
status end provide h~!ptUI Informallon 
during routine mainten4nce. 

I 
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ADVANTAGES 
OF THE KAESER DESIGN 

Re-designed Heat 
Exchangers Provide 
Maximum Cooling Efficiency 

KAESER heat exchangers are all 
copper tube-In-tube designs The 
smooth surfaces are non-fouling and 
sell-cleaning to ensure maXimum 
heat transfer. Tube sizes are carefully 
selected to control fluid velocities and 
promote turbulence This maXimizes 
heat transfer and along with the 
smooth surlaee design minImizes the 
pressure drop throughout the lite of 
tt"le dryer Typical Flow Diagram 

The entire heat exchanger pack
age IS encapsulated In a water based 
urethane foam. In addition to protect
Ing the heal exchanger. this highly 
effective InsulC'ltlon ensures maximum 
cooling efficiency 

The PrecoolerlRehester (1) IS a 
.drge air to air heat exchanger 
designed to produce the greatest 
pOSSible dryer efficiency, By precool· 
Ing the Incoming air, the heat load on 
the refngeratlon system IS reduced. 
Fleheatlng the discharge air ellml· 
nates any pipe sweating 

ensures the dryer will not clog up 
with oil or debns, so you get conSIs
tently dry air throughout the life of 
your system 

Efficient Liquid Separation 
Over A Wide Range of 
Flows 

Off the shelf separators are not 
designed 10 efficIently handle the wide 
range of tlows that are encountered by 
a typical dryer, The separator (2) In a 
KRD dryer IS specifically designed 10 
maintain a 99~% separation efficiency 
from low flows to well above the rated 
capacity of the dryer. This ensures 
that liquid condensed by the heat 
exchanger does not re-enter your 

The smooth sur1aces of the air to 
retfJgerant hest exchanger (2) are 
constantly washed by the condensing 
mOisture ThiS umque feature compressed air stream, The fully 

"1iJ~!0':;;;~1ii'<fiinsi<l ulated separator prevents reheating 
f:: of the air before moisture separa

tion. 

A demand type dram (4) reli· 
ably discharges liquid condensate 
without wasting your valuable 
compressed air. The condensate 
can then be rout@d 10 an oil·water 

Heat exchanger with tube-in-tube design 

separator for eeo· 
logically responsi. 
ble disposal. 

Refrigeration !System 
Provides COr\sistent Dew 
Point I 

i 
The non'CYClif deSign of 

KAESER dryers eeps rerrogeranl 
continuously elf lallng through the 
system 

ThiS results in ,apld response to 
changes in air flow for consistent 
cooling and the ~ost reliably dry air 

The temperatule of the heat ex· 
changer must be ICOn trolled to provide 
dew point conslst!ency and prevent 
freeze ups. To do:this, KAESER uses 
a specially des.g~ed hOI gas oy·pass 
valve (5). Off the ishelf valves 00 not 
meet our high st~ndardS 

I 

The hot gas b~.pass valve controls. 
the coohn~ temp~rature by allOWing 

some of the refri~rant (In a hot gas 
state) to bypass he heat eXCh.ange\ 
Injecting the gas fter the heat 
exchanger preve~5 non-compress!ble 
liquid refrigerant rom ente(lng the 
compressor (6) d so Increase the 
life span and reli~bilitY 01 the system 
This design also revenls the thermal 
expansion valve 7) from over com· 
pensating for changes In load (com· 
pressed air flow)! 

With specially 6esigned compo· 
nents and more ?OmprehenS(ve con
trols, KAESER r¥ngerated dryers 
and compresse air systems prOVIde 
the reliable pert ance you need 
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CHOOSING 
A REFRIGERATED AIR 

Pressure dew point 

The pressure dew pOInt of COm· 
pressed air IS the temperature at 
which water vapor condenses to liquid 
(under pressure) To ensure no liquid 
waler IS present In your system. the 
pressure dew pOint 01 your air must be 
less than the lowest temperature your 
compressed a'ir Will be exposed to 
KAESER refrigerated dryers produce 
pressure dew pOints as low as 35 Q F 

To select the dryer that best fits 
your n.eds. there are several 
factors to consider. 

Actual conditions 

ON/OFF 
SWITCH 

19013722454 P.0E: 

nDVCD 
...,. I. ...... I. 

DCCOjl'!r:::o .... I"I" 

~",--' ';'RESSURE~' 
CUT OUl 

LIGHT 

HIGH 
TEMPERATURE 

WARNING LIGHT 

System pressure: Dryers remove 
moisture most effiCiently at higher 
system pressure However, the maxi
mum working pressure of the dryer 
mus! not be exceeded. Standard Control Panel 

pressed air temperature: Air 
1 ........ s up dunng 1he compression 
process and cools as It moves down· 
stream The cooler the aIr before 
emenng the dryer, the more effiCIent
ly the dryer operates. The inlet air 
\emp~ral;;re should be less than 
120nF. If your compressor does not 
nave an attercooJer you may want to 
consIder adding one to your system. 

Ambient temperature: High ambient 
temperatures reduce the efficiency 
of an al~ cooled dryer. The ambient 
temperature Should be less than 
110"F. If yOU can not locate Che dryer 
In a cool cnougt"l en .... :ronment, you 
may want to consider a water cooled 
model Instead 

:>ical Compressed Air System 

Compressor Aftercooter 

Dryer Location in the Air 
System 

The location of the dryer In your 
compressed air system Is important, 
because it affects proper si.ling of the 
unit. 

Ideally. the dryer is placed aft .. r 
the receiver tank because the air 
begins to COOl in the receiver ano iiq
uids condense. Reducing liCJuids in 
the compressed air improves the per
formance 01 your dryer. The receiver 
also dampens pressure and flow fluc
tuations to the dry'€i to help eiiSUie a 
consistent pressure dew point. When 
the dryer is located after the receiver It 

Dryer 
Afterrm. Loclltion 

Bdorv R.ceiwr Tank 

ReceiverTank 

must be sized for your system's max" 
mum compressed air pemand 

I 
If you musl locate ypur dryer 

before the re<:e;VBr ta~k. you Should 
Install 8 separator of It to 
remove liquids 
the dryer, You should 
the air temperature 
sible. When located 
receiver, your dryer 
the maximum flow ca:~a':iIY 
compressor(s). 

Once you have the-
iocation oj your dryer, the easy 
selection steps on the paga to 
find the dryer size . IS right for you 

Dryor 
Normal Location 

A.fter A.c.iverTank 

I 

i 
Oil J.moval Filter 
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Sizing your dryer 

!. I 
'1::~I~. 

KAESER refngerated dryers are rated for 100°F inlet air at 100 
and 100°F ambient temperature. To select a dryer for your 

,cation, you must first correct your actual system conditions 
tor these "rated" conditions. To do this, simply write your conai
lIOns for the proposed dryer inlet in the yellOw areas below. Next, 
find the correction factors in the table to the right and write them 
on the bottom line. Multiply your inlet air flow by each laetor to get 
the Minimum Requirement Rated Capacity for your dryer. 

Inlet Air Flow 
(selm) 

x x 

Inlet AIr 
Tempef'ilture 

Of 

Temperature iemperature 
CotTeCtIon Correction 

i I 

=-

KAESER Refrigerated Compressed Air Dryers 

~+~~-=~+---'~_..j 200 PSIG 
St..ndard 
300PSIG 
Awilable 

tlncluda refrigerant pump down system 
eAt m.ted capaoity and 35~F oomil18i dew point 
'Other voltages avaitable • contact Kaesor 
Specifications are subject .., change _out no~ce. 

115-1-&l 
2301208-' -60 

460-3-00 

TO 19013722454 P.09 

Correction Factors 
~ ---- • - • -._. - 1 

. - , ":.,: . :" , , 
~.- ;:. - .' .:;.': :'0 -:'-J"-'~-.':' 

u • 
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Installation and Maintenance -continued 

Thread Treatment 
Sealing 
When threading metal threads into a metal coupling, pipe sealant or Teflon" tape is 
recommended. Due to potential compatibility problems, When sealmg plastic threaded 
un~s, a compatible pipe sealant such as No More Leaks- from Permatex" is 
recommended. 

Tightening 
When threadmg a plastic level sWitch mto a metal coupling, the Installer should use a 
suitable wrench and tighten the threads 1 to 1-112 add~ional tums past hand tight. Over 
torqumg of the threads will result 10 damage to the plastic mounting plug. 

Engagement 
The length of mounting threads engaged at installation is important 10 calculating 
switch actuation points and the actual length of stem extending into the tank. Use the 
chart at right to find the thread engagement length (T) for a given NPT size. factor the T 
dimension into any calculation of sWhch actuation levels (l) and overall length (t.,,). 

Definition of Variables Used In Examples 
A = Mounting length. 
T = Thread engagement. 
P = Distance from coupling (bung) top to inside surface of tank or bracket. 
l = SWhch actuation level as measured from inside surface of tank or bracket to fluid 

surface. 
l,= Sw~h actuation level, nominal, as measured from bottom of mounting (based on a 

liquid speCific gravity of 1.0). 

Examples 

Standard Single Level 
Switches 

Internally Mounted 
LS-1900 Series internally 
mounted through a 114 "NPT 
hole. To calculate l dimension: 
L'L,+(A'T) 
L. L, + (21/32".391 
L. L, + .27' 
L.l.~' 

To calculate tor Actual Tank 
Instruston, subStItute the L.. value in 
place of II in the tonnula directly 
above. 

48 

Custom Length Level Switches 

Internally Mounted 
LS-800 Series (Type 1) internally mounted 
through a 112"NPT hole. To calculate L, 
dimension: 
L,-L,(A'T) 
L, - 6', (H/.',.531 
L, _6".n 
L, • 5.28' 

To calculate l dimension. use. 
L-L,+(A'T) 

To calcutate lor Actual Tank IntrusiOn. subStitute the Lo 
value In place of L 1 in the formula Olrectty above. 

HPT T 

1/8' .2r 
1/4' .39' 

112' .53' 

314' .55' 

I' .68' 

H/4' .71' 

2' .76' 

3' 1.20' 

Externally Mounted 

Note Tills chart serves 
as a guide only. for 
cntteal actuatton 
ICtUracy, measurements 
shoutd be maoe It time 
01 installaoon. 

LS-700 Series (Type 3) externally mounted through a 
I"NPT hole. To calculate L, dimension: 
L,-L+(P'T) 
L,.6'+(l',.661 
L,.6'+.34' 
L,.6.34' 

lML 

" I 
To caIcutate L dunension. use: 
L'L,,(P'T) 

To calculi'" for Actual TlnI< Intrusion, sutJsti1UIe 1he L, 1IIIue 
In place 01 L, In 1he """" ... 1bcM. 

• 

• 



~ Installation and Maintenance 

•• 

Orientation 
A standard NPT female boss ,n tank top. bottom or side is all that is reqUIred lor rapid 
Installation. Unrts operate normally 'n any aMude - from the vertical to a 30° ,nclination 
- with lead wires up or down. Standard IPS pipe extends unrts to any intermediate level 
in the tank. Figure 1. 

Accuracy and Repeatability 
The accuracy of GEMS level swrtches is ±11!l"(3.2 mm) of true liquid level. In orderto 
assure the proper accuracy for your liquid, please specify the specific gravrty of the 
media. GEMS will automat,cally calibrate for the submeroence of the float, based on 
this specific gravity informallon. Furthermore. accuracy may be enhanced by specifying 
whether the circurt condition shOuld be measured on decreasing or increasing liquid 
level. The repeatability of the actuation point is approximately 1/32 inch (.79 mm). 

Moisture Protection 
When moisture exists in condurt and extension pipes, the potential for this moisture to 
wick down the wire leads and into the switch assembly exists. Should this happen, the 
switch will appear to be closed due to a high resistance path through the moisture. 
There are several means tnat can be used to prevent thiS from happening. 
1. Pitch condurt away from the level switch when possible so that condensation will drip 

away from the level switch assembly. Figure 2 . 
When a vertical run Of extension pipe or rigid condurt is used to extend a level swrtch 
down from the top of the tank, a non-conductive silicone oil should be used to fill the 
vertical run. Attematlvely, an appropriate potting may be used to fill the vertical run to 
occupy the space in which condensaUon will normally form. Figure a. 

By working closely with your GEMS representaUve, there are many design 
considerations that can help lessen the effects of moisture. 
I.Consider a product such as the GEMS LS"270 Single Level Switch which has a water" 

tight molded cable. 
2.Consider using a unH with a connector and gasket seal. 
a.Consider using moisture resistant heat shrink tubing on the switch capsule assemble. 

A WORO OF CAUTION: Most of GEMS level products Incorporate a potting cap or are 
fully potted. Due to the bonding characteriSUcs of the potting to the wire leads, there is 
no way of assuring a water tight seal at the potting joint. Our potting cap will resISt 
moisture to some degree, but the precauUons menUoned above should be used to 
assure moisture doesn1 enter the switch and cause a short. 

Please refer to the GEMS InstnIcUon Bulletins supplied with products for detailed 
Installation and maintenance procedures. 

Liquid Level Switches 

--- .,. 
MAX -

.7 



'" "'rovide Operational Versatility with GEMS FlIP-PAK® 
.nd LOAD-PAK® 

=-. Rapid, arc-free response. Positive, non-mechanical operation. 
~ Long, trouble-free service life. Over millions of cycles of operation. 
- Low-level switching. A few rnA of current controls high-power loads. 

Completely encapsulated construction. Impervious to dust, moisture 
or foreign material. Tamper-proof, shock and vibration resistant. 

GEMS FlIP-PAK® Solid-State Holding Relays. 
FLlP-PAK solid-state relays provide low current, ·start-stop" or ·on-off" sw~ch,"g. 
When used w~h mutti-station level s~ches, FLlP-PAK solid-state holding relays will 
start and stop industrial motors, pumps and solenoid valves to control the proper liquid 
level in your tank or vessel. To avoid nuisance shutdowns, FLlP-PAK relays hold their 
ojJerntional state fOi 11'2 second during momentary power iosses. 5 amp ijnlts aii: ivaii
able for both 120 VAG and 240 VAG applications. Low vohage protection is inherent. 

GEMS LOAD-PAKe Solid-State Switching Units. 
LOAD-PAK solid-siale switches ampiiiy me current handiing capabiiities of your muttl
station level s~ch. They operate as a 5 amp AG SPST, N.O. s~ch. LOAD-PAKS are 
ideal for activating high-powered alarms and pumps. 

Typical Applications 

Pump"'Up Opmuon with 
Baaup Low.uwl AU:rm. 

Other GEMS Solid-Slale Relays and Barriers 

~ 
. 1:IdaIaIII... m _ .... ------........ 

With no moving parts, GEMS relays and 
baniels are inherenUy more reliable than 
their mecha..r!ca! countern,.a.rts . 
Encapsldated designs are impervious to 
dust, oil and moisture. 

Intrinslcally-Safe Types 
SAFE-PAK relays render the entire sensor 
circlit IntrinsicaJIy sale ~ no explosion
proof enclosures. Programmable versions 

~.'_',,-,,~,_,~~;:c- .. ,""" _ oller various switching operations, induding 
-.~ ............ " N.D., N.C. 01 latching ~ optional time 

delay_ 

.. Zener Barriers are energy imiting deVICes that prOVide iltrinsically-safe electrical output to 
\SOl in a hazardous area. Can protect against faults up III 250 YOIts RMS. Single and 
.annel veI1iions available. 

Non-Intrinsically-Sale Types 
Soid-state switching units that control ine vohage loads ~ only a lew milliamps of sensor 
input current Includes general purpose LOAD-PAK and 'fatching' FLlP-PAK 

Liquid Level Switches 

Wiring Diagrams lor Applications Shown af Lett. 

Rnlr 
Up 

~ 
Down 

u~ N.O. 
DRY • .c 
12 

NC. 
DRY 

AC 
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~ive·Station Annunciators 
. Bright LED Indicators 

... Audible Alarm 
Relay Actuation 

GEMS TAP-5 Annunciators are used to indicate up to live swrtch closures. LED's illumi
nate when a respective sWitch closes. 
• LED indicators light up when switches close; stay 'on' until switches open. 
• LED's go off when SWItches are opened; alarm silence push button Shuts off hom and 

relay. 
• Ideal lor level SWItches in this catalog but equally suited lor any dry switCh closure. 
• Relay operates remote pumps or other equipment 
• Supplied with blank panel lor marking by user. 
• Operates wtth 7 to 14 VOC power; optional converter klt lor 9 VOC power available. 

Contact GEMS lor Ordering tnlormation. 

Slosh Shields for Turbulent liquid 
'-. Reduces nuisance switch actuation caused by liquid motion. 

GEMS Slosh Shields protect floats from turbulent or highly contaminated liquids. Slosh 
shields are available for many standard single level and most custom length sWitches. 
Look for untts in this catalog With the turbulent liquid icon: ~ 

Specifications 
Material: 

Shield: Lexan", Polypropylene, pvc, 304 Stainless Steel, Brass 
End caps: Polypropylene, PVC, 304 Stainless Steel, Brass 

Operating Temperature: 1400F (6O"C), Max 
Pressure, PSI, Mu.: 150 

canlact GEMS for Ordering Information. 

Electrical Cable and Connectors 
This muttH;onductor cable is available for most GEMS level sWitches. It provides extra 
protection for applications not using conduit for electrical wiring. Typical oeneral 
purpose cable Is shown here. Other special purpose cable Is available; consult factory. 

Specifications 
Insulation Jacket PVC 
lead Wires: 122. AWG, pvc 
Operating Temperature: 176°F (BOOC), Max. 
Lenglb: Ordered by the foot 

Number 01 Conducto .. Wire ColO" 
2 Red,BIade 

3 Red, Black, Whtte 
4 Red, Black, Whtte, G"",n 
5 Red, Black. Wbtte, G"",n, Drlnge 
6 Rect Dta~~ White, Green, Ora.'!ge, Btue 

7 Red. 8IacI<. Whtte, G"",n, Orange, Brown, Blue 
8 Red, Black. Whtte, Green, Orange, Brown, Blue, Yellow 

TAP-S Annunaator 
wtth built -en meh 

~~~ relay and audible 
:: alarm 

T AP·5 Annuncaator 
wrth lED mcilcalors 

only 

EI3 r 
Custom LenQ1h 
Sh.ekis 

Q~ A n'_ fFIt--::,:sT 

SlOSH 
SII!lD SlnQie level Shields 

Optional Connectors 
GEMS offers many types of optional electrical connec· 
tors for use on our liquid 1eYe! sWitches. Typical options 
include: 
• AMP Mate·IHOCk"'Series 
• Paclcard Weatherpacf(TM Series 
• Spade Terminals 
• Ring Terminals 
Coniaci me iactory ior the avaiiabiiity oi these connec· 
tors, or others of your choice. 

• 

• 



" I=lectrical Junction Boxes 

, 

~ Explosion-Proof 
'. J Watertight 
,._! FM Approved or CSA Listed Types 
GEMS Feraloy J-boxes simplify wiring or load-handling capabilities for 
many of the level switches shown in this catalog. They mount directly 
onto any level switch with a 1/2 "NPT conduit connector. Junction box 
and level switch must be assembled at the factory to maintain explosion
proof approvals. Look for units in this catalog with the J-box icon: ~ 

FM Approved lor Class I, Division 1, Group D: 
CSA listed. 

Junction Boxes with DPDT Relays 
Used for controlling high current loads andlor 
multiple loads. 

Relav Specifications 
Configuration: DPDT. 
Input Voltage: 120 VAC, 50/60 Hz. 
Conlact Ratings: 10 amp, 227 VAC, 112 HP, 250 VAC. 

113HP.120VAC,10amp,30VDC, 
resistIve. 

~Ilfnrtinn RnVDC!' u,ith TArmin~1 aln,.lno 
__ ................................ .0111 ••• ,,,,, .. 'vu~ 

" Terminals are screw-type wnh terminal lugs supplied for wire connections. 

3-Pln Terminal 60PIn Terminal I-Pln Terminal 

Howlo Order 
Select the sunable type J-bo. in the table below. Order by Part Number. 

Pirt Namber 
Type 

Pn1 AppruR1i"~ I 
~iJsied 

I iion-Appran. 

OPOT 76270 130550 -
3-Pin Terminal Block 55633 131J5(9 -
6oPi" Terminal Block - 131J5(B -
8-P1O Term,nal Block 75975 - -
0 • Wire Output - 145722 -

1astic - - 759711 

•• Qm 1. DMsIon 1. GlOUp 0 

Liquid Level Switches 

Ju"""'" 
bOx as
sembled 
011 GEMS 
low' 
swrtch -
typical 

DPDT Relay Wiring Diagram 

""'o-------H 
120YM:, 

Laad Win! OUljlat ASS Plastic 

NOT EXPlOSION-PROOf 
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Electrical Specifications 
Switch (N.D. Dr N.C.): 

SPST: ZD VA or 100 VA 
SPDT:ZOVA 

Lead Wires: #18 AWG. 24·L., Polymeric (except as 
noted in Wiring Color Code chart at nght.) 

Approvals: LS-800 Senes switches are U.L. Recog· 
nlzed - File No. E45168; CSA Listed -
File No. 30Z00 

Typical Wiring Diagrams 
For clarity, only two actuation levels are shown In each 
group diagram. 

GROUP I GROUP /I GRDUP 1/1 GROUP IV 
SPST SPST SPOT SPOT 

tj~tEJ~ 
Actuation Level Dimensions 

ActuItJon lMls' • Typc.al 

11 

1.!...~-+-+ 
" 

(WIlIIt I ... 
l3 !.... __ +-~CMIIAU.J;_ .: 

I 
' , . -. o 

12 !.oj ---l--+ wi 
~ 
'""'EE -

t 

• ActuatIOn tevel dIStances and Lo (overaU unit tenoth) are measurecl 
from inner sul1ace$ of mounting ptug Of 'Iange 

•• Length (Mran La '" lj • OimenstOfl B. See Mounting Types for 
Maxtmum lenqtfl values. 

Liquid Level Switches 

Wiring Golor Gode 
Tinted area designates U.L. RecognIZed wIring configurations. 

SPST Switches SPOT SwHch •• ZD VA 

Wiring Group I Group /I Group III Group IV 

Com. Black None Black None 
Wire 

NOINC SW. NOINC NO NC SW NO Com. Com 

L1 Red Red Red Red WhlRed Red WhlRed 

12 Vellow Vellow Vellow Vellow WhlYel Vellow WhlYel 

L3 Blue Blue Blue Blue WhlBlue Blue WhlBlu 

l4 Brown Brown Brown Brown WhlBm Brown WhlBm 

i.li O"IOOe Orange Orange Orange WIVOm Orange WhIOm 

L6 Gray Gray Gray Gray WhlGra Gray WhlGra 

Notes: 1. Non-U.L Rtcoonizfd units (white areas) use 122 AWG, 2""L. Teflon' lad WIres 
2. Units with 1~A. swttches art not U.L Recognized Of CSAUsted 

Switch actuation levels are detennined following the guidelines below. 

NC 

WhlBlk/Red 

WhlBlklYel 

WhlBlklBlu 

WhlBlklBrn 

WhlBlkIOm 

WhlBlklGra 

All unils 7Z'or less L" with Stainless Steel or Buna N floats. Also Type 5 unils over 
72' L" with Buna N floats: 
A = 1-112'(38.1 mm) minimum distance to highest level (Z', Type 5 only). 
B = 2'(50.8 mm) minimum distance from end of unilto lowest level. 
C = 3' (76.2 mm) minimum distance between levels. 
0= 114' (6.3 mm) minimum distance between actuation levels (Note: One float for 

two levels can be used only when low level is N.C. dry and high level is N.D. dry). 

Types I, 3,4, and 5 unils with stainless steel floa~ Part Number 15666: 
A= 1-518'(41.3 mm) minimum distance to highest level (2~ Type 5 only). 
B. 2-irz " (63.5 mm) minimum distance from end of unttto Iowes1IeveI. 
C = 4'(101.6 mm) minimum distance between level. 
o = 114· (6.3 mm) minImum distance between actuation levels (Note: One noat for 

two levels can be used only when low level is N.C. dry and high level is N.O. dry). 
Notes: 
1.A. B .... C dimensions based an I lIQuid opecIfoc grayilyol 1.0. 
2. One IIoaIIor two _ can be used only ...... 2r1VA IWiIch Is used. 
3. __ ... __ an -ino tIutcI iMI, with ......... !he calibrating llulcl, unleSs 

otherwise SIJOCifiod. 
4.To4eranc:e anlClUllion _Is '1/8'(32 mm) 

33 
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LS-800 Series -continued 

Mounting Types - continued 
Type 5 External Mounting ---------::-Typ-.-S--------
un~s are Ideal tor tanks Ext ..... t Mounl 
with hm~ed access to In' HPI 

lops or bottoms. ,. "' 

Housing Malerlal 

Stem Ind Mounling 

PortSi1es 

Mix. Leiiylh (lUj 

(5Qlnn) 

..---'---f-"'ll~~ 
r·.vf=~ilOOTm 

4J 
t 1116-

Brass 

Brass 

314' HPT 

1'<1\1 

lMIT LEP«iTH 
lLo+21 

, '- H.ET PORT 

316 Staint.ss Sleel 

316 StainleSS Sleel 

1'HPT 

140" (355.6 "11) 

Floal Slaps·· Bel}'llium Copper I 5.5. ARMCO PH'lS-7 MO 

•• Units oreater than 72"OYeralllength are supplied with c:dlars with setscrews (made of same matenal as 
stem and mounting) In place of ftoat-stop nnos. Cottars Ire optIOnal on uruts ~ than n°OYel'1l1length. 
Units requlnng 316 55 Imt $tops must be speaal ordered wtth 316 SS coIlal'$ instead of gnp rings 

Float Types 
A single float type is selected tor use at all actuation points 
Float Material 

Compatible Mounting Types 

FIOII Otmenslons 

Part Number 

Up.rellng TlmperelD .. 

Min. Mldla SpecKle Gmlty 

Pressure Ralings Chart 
(PSI, Max.) 

Mounllng Typ. 

5 

....... 
~ 

are .. 

316 S.S. 

auna N 

2 1.3.4.5 

~~'. '*~'. «&.0"', (46.8 .... , 

-'1'1M'I~ -II",,·I~ 
Ill< Ill< 

C41iIlm) ,,160M!) 

26032 10558 

Water. 10 180"F (82.2"1:) 
Oil: -4O"F 10 .23O"f (-40"c 10 .11O"C) 
.75 I .55 

Floal Plrt Number 

26032 10558 1C569 

•• u I ,~ I 
150 

100@ .70°F (21.1"C) 

150 ! 750 ! 

15666 

3Q() 

LS-BOO-A Series Adjustable Mounting 
Available tor lS-800 Series Mounting Types 2. 3 and 4 
Special cinch·nul on mounllng 
allows stem 10 lravel up or 
down for flOe lumng Ihe actua' 
lIon pomts. The extent of ad· 
juslmenl depends on un~ lenglh 
and dIstance tram mounllng 10 
highesl floal slop. When order· 
ing. specify "LS-80o-A- as 
Series Type. 
Note: MiJamum OYenlllength IS limited 
to 12' wctfllhlS option 

UNIT STEM 
ADJUSTED 
uPWAAIl 

~: 

"""I'" 

FL()A.T 
SloP 

316 Stalnl ... Sle.1 

1.3.4.5 (UnIlSS72') 3.4.5 (Units >721 

tsJ;")~----"f 
.... 

1 
.( HI'" 

""'r' ~ 
1-U",' 
........ 1 

'- ./ 
r--... I I U , ...... 
~I'·1I2· i542"'1 (52 ..... ) 

1C569 15666 

--4O"f Ia .3OO"F (--4O"C 10 .1 ~8.9"C) 

.80 .75 



, Large Size - Metallic 
';-800 Series 

~: Stainless Steel or Brass Mountings 
- lIto 6 Actuation Levels 

Lengths to over 11 feet 
U.L. Recognized, eSA Listed 

Rugged construction and multiple options provide the LS-800 Series 
with exceptional versatility. Longer and more substantial than other 
metallic models, the LS-800 is capable of supporting larger, more 
buoyant floats, and is physically stronger for better reliability in 
contaminated or turbulent media. This series offers SPST or SPDT 
switches, and a choice of mountings, floats and m~terials that can be 
configured for a wide range of applications in water, oils, chemicals 
and corrosive iiQuids. 

T emperalure Sensing 

~F 
To save space and simplify wiring GEMS can in-
................... +" ......... "' ........................... i .. th ........... 4' +10. .. 
"'UIfJ'UIGltl a ''tiIlIJoAi'OlU'I:< all<lI~1 1111111;0 II:OIIU ul lilt< • 

float stem on any model type LS-800. Two 
sensor types are available: Transducers for continuous 
output, and Thermostats for switch actuation. See Page 
42 for details. 

Adjustable Mounling 
''IS stem 10 travel up and down lor fine :t: 
.g your actuation points. See Page 32 for -.

ucL3i1s. 

Junction Boxes 
Simplify wiring wilh optional terminal strip tit
J-boxes. Feraloy versions are explosion-prool V 
(Some FM Approved) and water tight See Page 
43 for details. 

Mounting Types 
Each mounting type can be configured with stem iengths (L,,) and float material 
indicated in the table below. Mounlings are also continued on following page. 

Type 1 1yp02 
112"NI'T 1-1I4"NI'T 

t[] 
t~~ .~:-¥~~ 

Stem Ind Mounting Mate,lal Brass or 316 Stunless Steel 

length (le) 36' (91.4 em) 60' (152.4 em) I 

Liquid Level Switches 

1 
~.~ 

A 
.... 

\.-
'iU@ 

r 
-f-

Ir ~ 

<f>' 

)t 

~ 
~rI 

1yp~4 
3"'. 15G. iila. Filnge 

·t~ . , , . , . . . ' 

&10 1ype3 
2"NI'T ..... ~-./ 

~!:l~~ 1-112" DIA. 

~' _f 
I' 

-f 

Flange: Cal1Jon Steel 0' 316 S.S. 
Stem: 316 S.S. 

140" (355.6 em) 

,lIlng PosWon Venial ± 300 InciinatJOn 
fleal stops·· 8rass Units: Beryllium Copper Grip Rings; Stainless Steel Units: 5.S. ARMCO PH-I5-7MO Grip Rings 

•• UniIs_r 1han 72·...mIIeR\l1ll Ire _ willi coIIors willi ......... (made 01 ..... _IS stem II1II_) II place 01Il0l1_ rings. ColoR oro _ on_ 
less .... 72· ... rlllIeR\l1ll. UMs requimg 316 SS _ SlOIIS musl be special ordered willi 316 SS -.. _ oIQrip rings 

31 
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Liquid Level Switches 

Switch Operation 
Depending on the mounting posillon. the float on these switches can erther rise or lower 
wrth the Irquid level. By rotating the switch 180°. the switch operation can be Normally 
Open or Normally Closed. Arrows on exterior of mounting indicate N.D. when pointing up. 

FLOAT ARC~'" Nornully 
Normally Open ENVELOPE :', .~::: .~klSed 

~~ .. -I~ 
',: ::':-'; When the switch IS mounted so 

• • • • U\at the flOat flSes wrth the 
When the swrtch IS mounted so liquid level, the sWitch IS N.C 
that the float Jowers WIth the 
hqutd level, the SWItch IS N 0 

Point 01 Operation in Specilic Gravity 011.0 

C.ntact CI.se. As 
Level Rises 

Contact Opens As 
Le .. 1 faUs 

fl.at An: Envel.pe C.n .. ct Cl •••• As 
L ... I faUs 

C.ntact Op.ns As 
level Rises fl •• 1 An: ElI.el.pe 

OimenslOflS expressed in inches. 

How To Order 
Select Part Number based on specfflcations required. 

M.untlng Materials Mln.Uquld Pari Ope .. tlng Temp ... tu .. Sw\lA:ho 
Type stem .nd M.uallag I Fl.at Sp. Gr. SPST Numb.r , Potysuttone .75 ~OOF to +225"1' (-17.8"C to +107.2"1:) 76141 , RytOll® R~ .98 ~OOf to +3OOOF (-17.8OC to +148.SOC) 76142 

2 Rytall® R~ .80 ~f to +3OOOF (·17.8OC to + 148.SOC) 76145 
3 Potysulfone ~OOF to +225"1' (-17.SOC to +107.2"1:) 

20 VA 
.75 76147 

3 Ryton® R-4 .98 ~OOFto +3OOOf (·17.SOC to +IC8.SOC) 76148 
4 Rytoll® R-4 .80 ~fto +3OOOF (·17.8OCto +148.9"C) 76151 

Alum. Body Aluminum 360 I PoIysuHone .80 ~OOF to +225°F (~OOC to +107.2"1:) 10VA 113830 

-See -Electncal Data" on Page 3 for more information . 

9 
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Small Size - Non-Metallic-continued 

LS-7 Series - Side Mounted 
These low·cost units are ideal for high volume use in small tanks and 
vessels. Polysulfone or Ryton'" construction offers broad compatibility in 
water. oils and chemicals. 

Type 1- External Mounting 

901@ 

Polysunone or Ryton'. 

Type 4 -Internal Mounting 

Ryton' only. 

Dimensions 
Type 1 ,. 

~
(101.6'''''' ... 

(15.9rnm) 11I1S"lIIA. 

~ 
l}2'NPT L 2-1/8" ~ 

m""" 

Common Specifications 
Operating PlUSure: 150 PSI. Max. @7ooF. 

Type 2 - External Mounting 

901@ 

Ryton' only. 

Aluminum Body Type - External Mounting 

Polysullone lloat. 

Type 2 ,. 

~
(121""" ... 

(15.9mm) 11116·010\ 

~,(I~~lj 
1/2°NPT I 3-7"- I 

(98411111} 

Aluminum Body Type ..... r--= .... ;,. ..... ~;: .... ,--.. -".-..... ""'41 I ~~. ji·r:i.; I 

L~ .. ·~ 
• (I!i-711111J - I 

Electrical Tennlnation: No. 22 AWG. 24' L. PVC or Teflon" Lead Wires. 
Approval$: All LS·7 Series switches (exl:ept Aluminum Body Type) are U.L. 
Recognized - File No. E45168. and are CSA Listed·FiIe No. 30200. 
Mounting AUnude: Horizontal. 

8 

Type 3 -Intemal Mountmg 

901@ ,....- e£!!!!!I =--C -. 
Polysullone or Ryton' 

Type 3 



Custom Length Levei Switches - ;:;5 Scaie 
Non-Metallic Versions 

Small Sizes Large Sizes 

LS-.!OO 
So ..... 
P .... 
20 I. 21 

LS-350 
$ellts. 

.....' 22 & 23 

Metallic Versions 

Small Size 

LS·700 
s,,'" 
p-
24 to 26 

Large Sizes 

LS-BOO 
So"" 
Po", 
31 to 33 

LS-I5O ...... ...... 
'UlS 

Liquid Level Switches 

icon Key 
The Icons shown below are 
used throughout thIS catalog to 
andlcate the availability 01 the 
followmg options 

r -Integrated Temperature 
Sensor 

~ - ExplOSIon-Proal Junc
tIon Boxes wHh Termi
nal Stnps 

~ - Lexano Slosh Shields 
~ 

5 
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level Switch Overview 
The silhouettes shown here provide an overview of GEMS level switch 
products and their size relationship. Standard Single Level versions are 
shown on this page, at a scale of 1 :3. Typical Custom Length versions 
appear opposite, at a scale of 1 :15. 

Standard Single Level Switches -1:3 Scale 
Non-MetalliC Versions 

Small Sizes 
LS-3I"",,,: Papes 6 & 7 

Large Sizes 

Metallic Versions 

Small Sizes 

Larve Sizes 

LS·11OO 
So"" . .... " 

4 



~ clectrical Data 
vulndard reed switches in GEMS level switch units are hermetically
sealed, magnetically actuated, make-and-break type. Switches are SPST 
or SPOT, and rated 20 VA. See the chart below for maximum load 
characteristics of GEMS level switches. 
GEMS Sensors Division would be pleased to run life tests on our level 
switches with your specific load, and issue a report indicating the 
approximate number of cycles that can be expected. 
U.L. Recognized Units: Switches showing a U.L. listing are rated for 
10 VA, 20 VA, or 50 VA as shown below. 

Switch Raling - Maximum Resistive Load 
VA Volts AmpsAC 

0·50 2 
10 120 .OS General Use 

100 NA 

0-30 .4 
20 120 .17 Pilol Duty 

240 .08 

0-50 0.5 
50 120 .4 General Use 

240 2 

120 
100" 

.S"" 

240 .4 

• Level switch units with 100 VA swttcheSare not U.L Recogmzed . 
•• Umrted to 50.000 operaliOClS 

Explosion-Proofing and Intrinsic Safety 

AmpsOC 

.13 

N.A. 

.3 

.3 

.13 

.06 

0.5 

.4 

2 

NA 

NA 

GEMS offers optional CSA Listed and FM Approved, explosion-proof 
junction boxes for many level switch models. Compatible level switches 
are indicated throughout this catalog by the small icon,". Infonnation 
on explosion-proof J-boxes is found in the Accessories section of this 
catalog. 
For intrinsically-safe installations, nothing perfonns better than GEMS 
Zener Barriers and SAFE-PAKe Relays. These solid-state devices render 
the entire sensor circuit intrinsically-safe without explosion-proof 
enclosures. Latching version relays can control pump-up/pump-down 
operations. See Page 45 for more infonnation. 

Liquid Level Switches 

Typical Wiring Diagrams 

SPST, Normally Open - Dry 

C; 
REO 

REO 

SPST. Normally Closed - Dry 

I 
REO 

• (l) • REO 

SPOT, Shown Dry 

COM 1 NO ORANGE 

~NC REO 

BlACK 

3 
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General Operating Principle 
,EMS Level Switches operate on a direct, simple principle. In most 
models, a lIoat encircling a stationary stem is equipped with powerlul, 
permanent magnets. As the lIoat rises or lowers with liquid level, the 
magnetic field generated from within the lIoat actuates a hermetically 
sealed, magnetic reed switch mounted within the stem. The stem is made 
of non-magnetic metals or rugged, engineered plastics. When mounted 
vertically, this basic design provides a consistent accuracy of ±1/B inCh. 
Multi-station versions use a separate reed switch for each level point 
being monitored. 
Side-mounted units use different actuation methods because of their 
horizontal attitude. The basic principle, however, is the same: as a direct 
result of riSing or falling liquid, a magnetic field is moved into the 
proximity of a reed switch, causing its actuation. 

Reed Switch Reliability 
The durable construction of these reed switch designs 
ensures long, trouble-free service. Because the RUO....,.CH 

effects of shock, wear and vibration are 
minimized, these hermetically sealed switches provide 
precise repeatability with no more than 1 % deviation. N 

The switch actuation points remain constant over the 
life of the unit. See "Reed Switch Protection" in the 
Appendix section for information on extending the life 
of GEMS Level Switches. 

N -

- s 

Liquid Interface Monitoring 

GlASS 
ENYEl.Of'! 

In addition to monitoring the surface level of liquids, many GEMS Level 
Switches can be used to sense the interface paint between dissimilar 
liquids sharing the same tank. Monitoring water condensation in fuel 
storage tanks, and separating chemical emulsions in process systems 
are two typical application examples. Multi-station level switches can be 
configured to monitor this interlace point in addition to high and low 
liquid levels. Contact GEMS Sensors Division with your specific 
application. 

Installation and Maintenance 
A standard NPT female boss in tank top, bottom or side is all that is 
required for rapid installation, Units operate normally in any attitude -
from the vertical to a 30° inclination - with lead wires up or down. 
Standard IPS pipe extends units to Bny intermediate level in the tank. 
Details and tips for installation and maintenance of GEMS Level Switches 
are found in the Appendix section of this catalog. 

2 
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lEMS liquid level 
Switches 
From a Company You Can Count On 

Within this catalog you'll find a comprehensive selection of Quality liquid 
level switches for most any single or multi-point level sensing need. 
These float type sensors provide on-off switch action for a variety of 
requirements: 

Pump-Up and Pump-Down Operations 
High, Low or Intennediate Level Alanns 
Motor or Solenoid Valve Actuation 
Safety Interlocks 

For more than 35 years, OEM design engineers and general industrial 
customers have selected rugged GEMS Level Switches to ensure 
reliable, accurate liquid level sensing. 
Designed for a broad range liquids, including water, oils, fuels and 
chemicals, GEMS Level Switches are versatile perfonners. Here are just 
a few general areas where you can find them currently in service: 
- '.arge Storage Tanks 0 COOling and Refrigeration Systems 

Appliances 0 Small Reservoirs 
o Medical Equipment 0 Agricultural Equipment 
o Automotive 0 Marine 
o Dispensing Systems 0 Utilities 

Gems SellSOlS Division, Plainville, Connecticut 
GEMS Sensors is a dMsion of Imo Industries Inc. IMO is a leader in 
selected markets for instrumentation and controls, engineered products 
and their support service. The IMO family of companies has been serving 
businesses for more than a century. Its range of products include 

sducers, pressure and temperature switches, pumps, clamps, 
,nectors, engines, turbines, compressors, gears and more. 

e ~tlt 1992 GEMS Smsors Oevts.on Imn Ind"~tlV"l: IIV" c:c ............... _ ..... __ • __ 0. •• -- • ~- - ---

Custom 
I.e.VIlH to 6 
Lenis 

-

Single stalion 

• 

• 
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~.------- -- '. - '-' ,"..: .' 
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The Ultimate Non-Metallic, Air-Operated 
Twin Diaphragm Pump 

Inlet & Outlet 
Pons Rotate 

to Any Position 
The inlet and outlet 

manifolds provide mounting 
and plumbing versatility. 

Variable Delivery Rate 
The flow rate is variable 
from 0-13 GPM. Simply 

adjust the inlet air pressure 
from 0·100 PSI to achieve 

the desired flow rate. 

o 

Standard Split-Manifold 
Design Allows Multiple 

Installation Configurations 
The unique split·manifold 

design with threaded ports 
allows the pump to be 
configured in four (4) 
different ways without 

expensrve accessoiias: 
• Single Inlet I Single Outlet 
• Single Inlet I Dual Outlet 
• Dual Inlet I Dual Outlet 
• Dual Inlet I Single Outlet 

Choose From Two 
Body Materials ----f 

For a broad range of 
chemical compatibility. the 

wetted sections of the pump 
.re constructed of etther 
polypropytene or PlfDF 

(Kyna~ ). 

Your Choice of Three 
Diaphragm Materials 
Three different diaphragm 
materials are available to 

provide material compatibility 
lor your Installation. Choose 
lrom neoprene, polyurethane, 

or Tefto"e . 

Check-Valve Options 
Meet Wide Range of 

Fluid Handling 
Requirements 

The standard balk:heck 
valves are lor Iow-viscosity 

fluids while the duck-bill 
check valves are lor lIuids 

that have fibers or high 
solids content. 

Corrosion-Resistant 
Clamps and Fasteners 

To assure chemical and 
environmental compatibility. 

all metallic fasteners are 
constructed of Series 300 

stainless steel. 

The End Caps Bolt 

posit;"; -;~~I· b;;.-; the 
end caps and the pump 

body. It also assures precise 
alignment of parts and 

provides lor easy 
re-assembly. 

r·O 
The Air Valve Is Easily 

Removed 
Separate acceSj; to the main 
air valve allows the user to 

perform maintenance or 
inspection without disturbing 

the lIuld section 01 the 
pump. 

Positive Prtmlng 
'--------- Pro-,;Ides EaSt 

Pump Fluids with 
Suspended Solids 

Content up to 3/32" 
In Diameter 

The fluid section has no 
packlngs, close-fllting or 

sliding perts. This allows the 
pump to handle lIulds with 

suspended solids content up 
to 3132" in diam3ter. 

Start-Ups 
The check_lvas are located 

close to the diaphragm to 
assure positive sell-primlng. 

KYNAR- Is. regl_ tmdemarlt of the Pennwalt Corporation. 
TEFLON- Is. registered trademark 01 the DuPont Corporation. 



Unique Manifold Design Allows Maximum 
Installation Flexibility 

3-Piece Manifold 
Fits Your Piping Requirements 

The three-piece, inlet and outlet manifolds of this 
pump have been designed for maximum 
installation v€isatility. No additional accessories 
are required to utilize the pump in any of the 
possible installation configurations shown to the 
right. 

Each of the three sections of the inlet and outlet 
manifolds have a 112 NPT(F) threaded port for 
installation convenience. 

Inlet and Outlet Rotates 3600 

The center section of each manifold rotates 3600 
to accomodate precise piping alignment. 

Convertible Manifolds 

With the center section removed and each 
manifold end rotated 1800, the pump can be 
plumbed for dual inlet or dual outlet operation. 

Accepts Standard Flanges 

This pump was also designed to 
accomodate standard flange 
connectors. Unlike other 112" 
inlet/outlet pumps, there is 

'\ sufficient room to install standard 
"ange connections directly to 

oth the inlet and outlet manifold 
of the pump without modification. 

Single Inlet I 
Single Outlet 
Pump from a Single fluid 
source to a single 
dispensing point. 

Single Inlet I 
Dual Outlet 
Pump from a single fluid 
source to two separate 
dispensing points. 

Dual Inlet I 
Dual Outlet 
Pump from two fluid 
sources to two separate 
dispensing points. 

Dual Inlet I 
Single Outlet 
Blend two fluids in equal 
volumes by pumping from 
two material sources to 
one dispensing point. 



Unique Designs for Fluid Flow and Air Control 

The Check-Valve Cartridge 
Assembly Simplifies 

Ie placement and Minimizes 
Cost 

= 
:1 CARTRIDGE 

The unique check-valve assem
bly utilizes a cartridge-a>ncept 
design which allows easy re
placement at minimal coSl. 

• BALL 

= 
~ SEAT 

Unlike other designs that mold 
the check-valve assembly into the 
end cap or manifold. the modular 
ARO® design allows single-part 
interchangeability for each of the 
four required check-valves. 

a.J • I 

END 
CAP 

This design also allows two 
entirely different cneck·valve 
types to be used interchange
ably in the same housing. 

~ 

iI 
• Ga 

CARTRIDGE 

BALL -
~ -II I l 

I 
=- SEAT 

• • .. c:::::> 
<:::::> e 

Ball-Checks Provide Positive Priming 
The standard ball-checks are used tor most fluids. 
They provide smooth positive priming. maximum 
suction-lift. and a high delivery rate. They will pass 
suspended solids up to 3132" in diameter. 

l."ir • 

Duck-Bill Checks Pass Fibers 
Ouck-bill checks are for fluids that are fiber-filled 

have a high-solids content. Because of the 
• nique cartridge design the duck-bill check-valve 
assembly can be inverted so that fluid flow can 
be reversed to prevent settling of solids. 

How It Used To Be 
Other diaphragm pump manufacturers use a~ 
mechanical trip or a single-stage valve to control V 
the reciprocating motion of the diaphragms. 
Mechanical trips need to be replaced ollen be
cause the detent device and/or the springs lose 
their recoil tension. 

Diaphragm pumps equipped with a single-stage 
valve are susceptible to stalling. When one of 
these pumps is operated at slow cycle speeds. or 
used to pump heavy material. the over-travel of 
the diaphragm is reduced and so is the duration 
of the shift signal. This condition may cause the 
valve to only partially shill or stop completely. 
Either of these conditions will keep the pump from 
running. 

State Of The Art Improved 
The ARO 112" Diaphragm Pump uses a two-stage 
valve to control the reciprocating motion of the 
pump. A pilot valve supplies a pilot signal to the 
power valve throughout the entire stroke or cycle 
of the pump. 

The pilot valve is not connected to Ihe diaphragm 
connecting rod or the diaphragms. The pilot valve 
is oriented between the air chambers so thaI 
mechanical force moves the pilot valve to the sig-
nal position. which in turn shifts the power valve. 0 
(See Figure 1). 

Diaphragm 

Pilot 
vat"" 

• Exhaust IiiI Supply ..... ssure 

FIGURE t FIGURE 2 

The air from the power valve continues to shift the 
pilot valve and hold It In position, even after the 
mechanical force is removed (See Figure 2). 

This action positions the pilot valve for the next 
cycle and maintains the pilot signal throughout the . 
entire cycle of the pump . 

This improved design allows you 10 run the ARO 
112" Diaphragm Pump at slow cycle speeds and 
with ~avy materials without the pump stalling and 
stoppmg the flow of production male rials. 



Performance Data 
NEOPRENE DIAPHRAGM WITH BALL-CHECKS 

FEET 

H~O PSI BAR .------,------,---r--,---, 

231 100 6.9 k---l-----if--+--j---I 
1'b"'81 

173 75 5.2 1:--4=:::"'~f--+--j---I 

116 50 3.5 1=---l-~::""k-"::"J-----1---I 

o 3 
(11) 

6 
(23) 

9 
(34) 

15 
(5n 

WMER DElIVERY G.P.Iot. (lITERS PER MIN 1 
..D4S gal. (.17O .... r) .. typical dllP8lWng per eyde 

TEFLON DIAPHRAGM WITH BALL-CHECK 
FEET 
OF 

HEAD PSf BAR ,-----,------,------, 

231 100 6.9 k----+----t----I 

173 75 5.2 

116 50 :l.5 I=-__ :::::,....j,..~:...,._-+ ___ --j 

o • 
(19) 

10 
(38) " (57) 

WATER DEUVERY GP.M_ (LITERS PER MIN_I 
.Q38 gal. (.144 k1or) _ 1ypicaI dispe .... ng per cyde 

HEAD IN FEET _ PSI • 231 

SPEOFIC GANlTY 

SPECIFICATIONS 

NEOPRENE DIAPHRAGM WITH DUCK-BILL CHECKS 

FEET 
OF 

HEAD 

231 

173 

116 

58 

PSI BAR 

100 

75 

so 

25 

69 .. 
35 

17 

~ ".s, 

~~ 
~~'" ,,~ 

------:::: ~ 
o 3 {, 9 12 ,~ 

(11) (23) (34) 145) (571 

WATER DELIVERY G.P.M (LITERS PER MIN) 
.D4O gal. (.tS1 liter) _ tYPIcal diSpensing per cycle 

DIMENSIONS 

Polypropylene Ball-Check Valve. . - ... 
~1 POIYPfIOPYlBIE NE!lPIIENE NEOPRENE 1:1 14(53) V41f) 112 If) 112 If) 100189) 3132 7.5 (3.4) 
~ POIYPfIOPYlBIE BUNA "If' BUNA "If' 1:1 14(53) V41f) 112 If) 112 If) 100189) 3132 7.5 (3.4) 
Ii66053333 POIYPfIOPYlBIE vntlN vntlN 1:1 14(53) V4 If) 112 If) 112 If) 100189) 3132 7.5 (3.4) 
666Q53.344 POIYPfIOPYlBIE 1B'I.ON 1B'I.ON 1:1 13(49) V4 If) 112 If) 112 If) IOOIU) 3132 7.5 (3.4) 
~ POIYPfIOPYlBIE DEUUN NEOPRENE 1:1 14(53) V4 If) 112 If) 112 If) IOOIU) 3132 7.5 (3.4) - POLYPROP\'I.fNE URElHANE URElHANE 1:1 14(53) V4 If) 112 If) 112 If) IOOIU) 3132 7.5 (3.4) 

PVDF . Ball-Check Valve· . .. . ., ~. 

666054-411 
ti66Q54.422 
~ 
666051114 
666054..s1 
666054 488 

POLYPROPYLENE 
POLYPROP\'I.fNE 
POLYPROPYLENE 
POlYPROPI'l.ENE 
POLYPROPYLENE 
POLYPROPYLENE 

, ..M22 POLYPROPYLENE BUNA "If' BIJNA "If' 1:1 

14(53) 
14(53) 
14 

12 (45) V4 If) 112 If) 112 If) IOOIU) 7.5 (3.4) 

o 

o 



Material of Construction 
POLYPROPYLENE - Polypropytene has a broad 
range of chemical resistance, high-fatigue endur
ance, superior abrasion resistance with low CD

efficient of friction. It is resistant to most acids, 
aikaiis, and saiine soiiJiions even at higher tem
peratures. It is also resistant to higher aliphatic sol
vents and polar substances. 

POLYPROPYLENE has a temperature range of 
350 to 1500F. (20 to 65°C). 

The POLYPROPYLENE used in this pump is UV 
stabilized. 

Accessories 
, Air Line Connection Kits 

MODEL 

66073-1 

. -,.' " DESCRIPTtON" 
;<::" ."lOl<,.""_' J4 _ _ - ....... ' 

AIR UNE CONNECTION KIT - For use with 112" and 1" Diaphragm 
Pumps. Kit inctudes Miniature Series Piggybacl< Fllter/Regulalor 
(wI29HS gauge) model 129121-400. 1/4" NPT female thread c:oopIer. 
114" NPT male lllead connedDr, 1/4" NPT x 2-112" long pipe nipple 
and a 5 loot long air hose with 114" NPT male thread - each end. 

Pressure Relief Valve 

r'\~""'lP' 
l~~,1.."'" -:"~~, 
c!:lP2..E,L .• , .~. 
93368-1 PRESSURE RELIEF VALVE - is preset to 125 psi (t 10 psi). 

10 be used in systems where thermal expansion or excess 
backpressure can develop in the fluid lines. Valve should be 
installed in a piping tee located near the outlet 01 the pump. 
Tubing or hose will be required to return bIeed-<l1f 10 fluid con
tainer. 

PVDF - POLYVINYLfDENE FLQURIDE (KY
NAR) - is a tough engineering thermoplastic that 
offers 8 unique balance of properties. PVDF has 
mechanical str~ngth and toughness, high abra
sion resisiance, high thermai siabiiiiy, and high 
dielectric strength. PVDF is resistant to most 
chemicals and solvents, ultra violet and nuclear 
radiation, weathering, and fungi. 

PVDF has a temperature range of 100 to 2000 F 
(-120 to 93°C) 

The PVDF used in this pump is UV stabilized. 

INLET 

114" NPT 

1/4-18 (M) 114-18 (M) 

EIody constructed of brass with 
Suna "N" ~ng and stainless 
steel spring. 

......, ..... , 
;~~"~;-. 

WAlt MOUNT - Provides secure wall mounting for 112" Diaphragm Pump. 

Siphon Tube 

61409 SIPHON TUBE - PVC lUbe with bung ldapler. For 55-
galIOn drums. Can be cut tor smaller containers. 

61412 SIPHON TUBE - Threads directly intIJ pump inlet. 
Inetudes standald bung 1dapIer. Schedule 80 PVC pipe. 

Siphon Hose 
\ 

112" DiaptIragm Pump 
and siphoii Hose . 

112" Diaphragm Pump 

112(F} 

112 (M) 

~",tl 
Ii I 
\. 614119 

I 
112" 1.0:' . -. '7hiokol Tube' 2 fabric Wire Braid . '"- - .•.. . . 112" 1.0: 'PolymerTube , .. , 'PolyesterBrald' " . " 
1111S" 0.0. Neoprene Covei Working Pressure - 200 p.s.r:(14 6ar) 13nS" D.O .• : -·Polyurethane Cover Viorking Pressure ~ 2750 P.S.I. (190 bar) 

112 NPT(M) I 112 NPT(M) 112NPT(M)xIl2NPT(M) 
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Specificalions 
r.nlcnnid F.nchumrc!'I! V;tln,'!'1 li!'lIC."tJ in this 
~il·:o. h:.\ ... ' dlll,,'r Ikd·II:t1 O1C.'I:i1 Mtknuic.l 
l,K.'lu..,lIn':-. IIf nc."t.I·llat II l11ult.h,,'lIl"f't'xy 
"'l4cnoids. Itcd·lI~l II ,"al1a.-:-. ;an' klcnlific."tJ 
h,'lhl' dt:mf.,:,c kller .. (;~ lit Ihdr c;ltOdn~ 
nlln'he .. ..". C.f.,:.., H.! lOii-i. ;uu..l ~rt.· :o.hu,,'n 
!n !'t't!. 

... ,:and:trd Enc.:I('~lIrt::'\: 
Ih'd·II";.I( - Type..' I (;(.'I1f.:r;&1 l'UrrUl\ol" 

Kl"1.l·ll:n 11- TYrl'~ l. 1. :t .... S. <\ :ami 
• X Cumhin;uiHn {.(:I1<:r;1I PurpuM: 
and \\':tlc,;rliJ,:ht 

()I'tional f.nchtsurt..·~: 
Kc."tI·II;u _ Trrc.'!'> :\, f ;.uul 'J C:umhi.l;Ilion 
1;:.:"lc~i'1I1pnu,( ;and Ibin(i~lu. "(1 UW,,·,. 
Kill rn-Ox "1:1:- 10 calalu~ nU01hcr. 
'1~:u:c."1 <:''1t;tluJ.,: Numhc.'rs H.lIUII~7. 
·t! ICIHC;~ ;ant.! HllOllli'))'4) 

~h.'t.I·II;t1 II - Tnlt.'s .'\ •. ",S. ·i. ·iX, (t, (tl~ 7 
1nc.1 .., <:nmh'llaIUII1 ExpleJ!'roiunpRtc)( an" 
\\";awrli,.:hl. To uftle."r ... dd rm . .-fix -EF"' to 
.illotle'A nUllIhn. 

\c.klili(ln~1 C:tm!\(rU<.·(i(1I1~ ar<.' ;l\·<aihlhlc:. 
n1C: ()rulC!nal Elcc,:trkoal l:c~lIurc . .-s !\(."Ctton. 

'ATIONS -

p:aJ..'C' t I. c.,,(JOt .. ln.~ descriptions and 
ordering information tor: Opcn frame 
Snk"1\()id~ • Junction nux f:.ndosura 
• 'land Mounl Cnn.~c:ruc:ti()ns. 

I!Icctrical: s«;mdarc.l VoIt:lAe. .. ~: 
2".120. 2·iO. 4HO VO" •• A(" (,() II. 
(or 110, 220 VI,115. AC, SO Uz) 

()Ih<,'r \'ollaAc~ arc OIvOliiable when 
n."quin.-d. 

Coil: Continuuus UUfY molc.lctl ClaS5 I: 
ur II. a!' listed. 
Nomin:al Ambient Tcmper.aturc . 
lI.:lR\:es: Rl"<l·lbt and Rl"<l·tlat II Vah'cslAC 
Cun.',rucliun: :\rE to I 25-f. 
Re."lI·J lat V;a1w.~>C CUIl.",cructitm: 3~: to 
77"E ( 10·,01; ""L"'>i,m.II),). 
Red .. llat II Valv($IJ)C ("'('Il."'truClilm:3r'E 
au ICl-4-r: 
IlcCcr 10 l!n~inccrin~ Sectiun (or dCI;dl~. 

Valve P2rL"i In Contact 
with Fluid." 
IkKJ)' - Ut;a."i." nr S,ainic:-., Sled. as 'i.""e.'c.! 
~'als ancJ ()ises - ISun2 "N" ur Tc.."lun·. 
a:r. Ii~t.<..-d 

HiM.' tluhJer - Nyhm. ;;as liMl.'d 
Cur<.' Tube.' - .'\US )... .... 
Core and Plus.:,mu _.j .'\OF !'o_'. 

Sflrinp - ;'tn.! ~\. 
S1u.cJil\~ CA)i1- C:'lflpcr (h,...a!>"" 1)(.0,.·). 
Silvc.."f' (stainlC"'., .~Ic."'CII)(KJy) 

Approwb: Q\A ce."Tlific.:c.I. 
U1.Ii.'IC.-d .. "" inc.lic.";.Ic. ..... Ke."fcr 10 
lialJ.:il1c. ... :rin~ !'M.'C'litNl _elf lIeuib. 

OnJerinl: Infnrnullun: 
IIIIIHlrltllll: We.' mLL" h;a\,,\' ",";&t;&luJ.,: nUllIhe.'r. 
VUhOlJ.;C .m'" H<..TlZ. clf'K'raUIlJ.; "rc.~", n' 
and nuid han<llL-d. li>c >lr.incr> willi 
MJicnoicJ ,-.. h·c!\. 

llaaW4 hieuld Eodosam Witt RIIIat' 
Red-lill-T"e 1 

Opet.Uq PrISSItf' DIU.mUlI (tIsll "". Re4-1i1II1-Type. loU.lS.e ..., ex CLass II toll 
FtoId .. sela"" 

I Mil. At _.DC 1e .. ,.-F. Ie.u •• ., 1.1 .... , '" 
~'~!!"§ j~ 

Coow. CotIs1t. 
Nt. ReL 

S&tt $l1f. FkN' alt-4ler1 U,,"OIl AIt-laert lIPtDIl tolaloo 110. UL tot.log No. UL 

~~ CUt:!. Fad" ~~. Gil WIlI'r @3DDUU Got W .... @3IDUU II:. DC N_. (l) UsUot 
_. 

<!I IJsIIoo II:. oc 

NORMALLY CLOSED (Closed when de-energlZed~ BURa "N"orTellon/J) Seooting 

... '10 1.5 (!) ISO 125 - ~O ~O 180 ISO 82IOO73al lP • 8210G36al IP 0 6.11f 11.611' 
... V. 3 0 ISO ISO - .40 ~O - 180 ISO 8210093 50 0 - - - 10.11f 1'.&If ... flo 3 5 200 ISO 135 125 100 100 180 ISO 121001 60 0 - - - 6.111' II.M 
flo V. 3 5 :100 :JOG 300 - - - 175 - 821006 50 0 - - - 17.11f -
Y, 'I. 2.2 (i) ISO 125 -40 40 

! ~82IOOI5/J) 2P 0 82IOGJ7al 2P 0 6.111' 1I.&If .' 
'Ir V. • 0 ISO ISO - 40 40 - 180 I 8210094 50 0 - - - 10.11f 11M 
'Ir V. • 0 ISO ISO 125 40 40 - 17 _ - 8210G87 70 • 17.11f 1I.&if 
Y, V, 4 5 200 ISO 135 125 100 100 ISO 8210G2 60 0 - - - 6.11f 1I.&If 
Y, flo 4 5 :JOO :JOG :JOG - - - 17 - 821001 50 0 - - - 11.11f -
~. flo 5 0 ISO ISO 125 40 40 175 ISO - 8210G81J 7D 0 11.11f 1I.&If 
~. v. 5 5 125 125 125 100 90 75 180 ISO 82IOG9 90 0 - - - 6.11f 1I.&If 
~. ~. 5 0 ISO ISO - ~O 40 - 180 ISO 8210095 eo 0 - - - 10.111' 1I.&If 
~. V. 6.5 5 2SO ISO 100 125 125 125 180 ISO B210GJ 110 0 - - - 6.1.1' 11.601' 
~. V. 6 0 350 300 200 200 180 180 200 n 8210B26alO lOP Q) - - - 15.4If :10.6.11 
1 I 13 0 ISO 125 125 100 100 80 180 n 82108540 310 QJ 82looB9 150 CI> 15.4If 30.&111 
1 1 13 5 ISO ISO 100 . 125 125 125 IBO ISO 82IOG4 120 0 - - - 6.11f 1I.&if 
1 1 13.5 0 300 225 \IS - - - 200 - 8210827 14P 0 - - - 20If -

1 lit l'h IS 0 ISO 125 125 100 100 8() 180 n !2~e.sse ..,n ~ _u .., - - - l~,Cif 30.&111 
1'1. I'h IS 5 ISO ISO 100 125 125 125 180 ISO 8210G8 160 0 - - - 6.11f 1I.&If 

" tl/f 22.5 0 ISO 125 125 100 100 80 180 n 82108S1iO 330 II> - - 15.4If :10.&111 
22.5 5 ISO ISO 100 125 125 125 180 ISO 8210G22 110 0 - - - 6.11f 1I.&if 

.. I • .,. 43 5 ISO 125 90 SO SO SO 180 ISO 82100100 2QP 0 - - - 6.11f 11.&If 

!:~J IV. 45 5 ISO 125 90 SO SO SO 180 ISO 82IOOIOt 21P • - 6.111' 11M -



1210 SERIES ~c::onllnued) 

SPECIFICATIONS ~conhnucd) 

! SlIlIMI.nf S""ol4 hdos.res 
O~nllfl.' PfHl9t'l OlUcfutiai (,sll "'I. Re."" ..... T"l1 

~ .. tt RanAt' 
fluid ~ •• Halll-lf11cs 1. Z. 3.lS, C .M (X 

caus.' t.1I 
Mil. AC 1a".DC Tcmp.--F. lrass lo4y S.S. lo~y __ .... sVCaUan 

Consu. Consu. ' .. Orllle t, u..,on U,.,on Rei. R.L 
Sile Sile fI_ AI,·hlen @3 •• Alr-Ift,rt @300 Catalo, .a. UL CalalolJ .a. UL 

(Ins., (Iftl., factor Min. e" Wiler SSU COl Water SSU N; DC Nu_er (" USlin, Number C.} LllllftC At DC 

NORMALLY OPEN (Open wilen ~ne'gl.ed~ Buna "N" Se.lIng (Nylon Disc Holde" excep.a. no.ed) 
~. ~. 3 0 ISO ISO 125 125 125 80 180 ISO 1:I;·ll1.;';'1 230 • 10.llf 11.611' 
~. ~. 3 5 2SO 200 200 250 200 200 180 180 S:Jl0GII(I)(i) 390 · - - - 10.lIf 11.611' 
'I, 'I. • 0 ISO ISO 125 125 125 80 180 ISO tll\(tG:!·~ 230· • 10 Ilf II.M 
'h 'I. 3 0 ISO ISO 100 125 125 80 180 ISO - - - H:'llll ;:OU 370 • 10.11f II.M 
'h ~. • 5 2SO 200 200 250 200 200 180 180 8210G Il'I!)lll 390 · - - - 10.11f tl.6/f 
~. ~. 5.5 0 150 ISO 125 125 125 80 180 ISO trJ1{)(iJ!J 250 • - 10.11f II.H 
~. ~. 3 0 150 ISO 100 125 125 80 180 ISO - - - ;t.·lCk..:';~; 380 . 10.11f II.M 'I. ~. 6.5 5 250 200 200 250 200 200 180 180 8210CI3 2~0 • - - - 15.4IF 16.M 
I I 13 0 125 125 125 - - - 180 - 8210B57C1>e ~O • - - - 20IF -\ \ 13 5 ISO ISO 125 125 125 125 180 180 82101l1~ 260 • - - - 15.41f 16.M 

1 'It 1'/. \; 0 125 125 125 - - - 180 8210058C1>. 350 • - - - 20IF -
1II~ I'h IS 5 ISO ISO 125 125 125 125 180 180 8210018 280 • - - - 15 4If 16.8;f 
Ph 1114 22.5 0 125 125 125 180 8210859C1>8 36D • - 20IF -I'h 1'/4 22.5 5 ISO ISO 125 125 125 125 180 180 8210032 Z9D • - - - 15.4If 16.8If 
2 l'h 43 5 125 125 125 125 125 125 180 ISO 8210103 3Of' • - - - 15.~1f 16.M 

2'/, I~. .5 5 125 125 125 125 125 125 180 ISO 82101CM 27P • 15.'1f 16.M 
HOlts: l'J S "se on Nr: 1 PSI on Yalee. II) V ........ ...-WIlli hpiasionptOOlendo"' .... 

01 Valve ~ wilh lenan INIn disc. 
I. V ............. UItem (G.E. -I p .... 
.. , Letter "0" M.tIOles ~ consuucuon: .. p- denotes PlSlon construcllOn. 
l'l\ UlltSiecIIS General Purpose YJM on At. VOIU91! only 

(7) 01'150 Hertz semee. the walt IItInO klr the 6.1If SOIenotd IS 8.1 W<1Us. 
<I> ~ __ Ills.,... "''*'0 . 
ClJHo __ • 

• stIinIeSS Sled disc hOICkt 

ELECTRICAL INFORMATION 
o DC c:onstrucbOn masI b.IWI solenoid moUftled Yeftal JnG uptight. 

I Wall Rattnv aid Spire toll Part No. 
Power Conslmpll .. 

General Ptrpue Ezp'ollonproaf I .. ndlrd 
Coii and At 

CI."., DC VA VA 
insulation Walls Walls IIoldlao larusll N; DC N; DC 

F - 6.1 16 ~O 238210 - 23821~ -
F 11.6 10.1 2S 70 238610 238710 23861~ 23871~ 
F 16.8 15.~ 27 160 99257 97617 99257 97617 
F - 17.1 ~o 93 238610 - 23861~ -
F - 20 ~3 240 99257 - 99257 -
H 30.6 - - - - 7~073 74073 

DIMENSIONS (in inche'l 

Ca." •. Rd. 5. 5. 1. '.'.11.12, If. U. ZO. %t. n. 25.~. 21 _. RIL I.: 

c 



CHM["~IONS Un Inch("fO) 

C.--
I 

Constt. ft,t,. 1Q. 14, 15, 24, 26-l6 

H~~ 9132 [MA. 
2 HOUS 
FOR MOUNTING 

"\\j'- -W 

CJf'T1<lNAI. MOUHT1NG.....acET 

~_ Y/. Oil. tQ,.( f'OIII 
.; III a»CUt a;IIN« 

• 

Constt. 
Rct 
Mo. ,. 

Z· 

5 -;. 
I--~ • 1-,. 

10", 

W 
U' 

~~. 
15" --i-,. 

--ii' 
zo· 
21' 

%3 

-~. 
,--_25 

I--~i 
27 f--i, 

-~ 30 

3" -;:. 
~. 

_~' 
-'J' 311 

37 

1\ 
;V.,. 

••• 
;v.n, 

3''''' 
4~» 

.-. 
JOn 
501/4 

...... 
SOlo 

611m 
5'''' 
SOlo , .. 
l'I. 
l'I. .. .,. 
50'/" . ~. 
",,,, 
1'111 
5~'1:: 

7 ... 
1'''' 
'Y. 
''h 
I'. -7'''' 
1l'III 

"'" 

\ 

l , W 
----- .-. 

11'1lu 3''''' 111/ .. 

2'1» J,I/» lUI ... 

2_. J"'.&/ 2>1. 

2~~ 2"1» I-~ 
_2:~._ -j~ 2>/. 

-3";;- -.--2u/ .. 2'1 • 
21JiK 3 2>1. 
27;;-~~» 2>1. 
3'>1» JU/II 2', 
3 •• • 2"' • 

31\'K SO<» 3 •• ,.. ...... 3"", 
311/11' • :~ • •• . ..... ,.. 
SII ... -~ .. 41'1K 

5~':- .~. 50. 
2 •• :1"1» 2\"» 

:v..... 4'1" 2', 
2Uf. 3"' • 2\"» ,.. ."'" 21lt" 

5'. 5"'. ",:.:-5\<. 
~h: 4~= ~; ... 5". 3', 
5 •• 51lfJl ""I .. ,.. 5 •• J'/. 

;V'''' 5', 3 •• .... 50. 3-'1» ,.. '"" 3 •• 

3l'1J: 6"/a ,~ .... , .. 310» 
2Uf. ~. 2''1" 

.31 , 



Speclficalions 
Solenoid Enclosures: 'Vaives listed in this 
.series havt: either Red·Hac metal solenoid 
enclosures or Red-H.:!:t II molded epoxy 
soknotds. Red· Hat II val\'es are identified 
by the ch.angc: ietler "Goo In their c3.c;lIog 
number.;, e.g,. B21O£r4, :md aft: shown 
in red. 

Standard Enclosures: 
Red·Hat - Type I Genc:r;J.1 Purpose 

Red·Hat 11-Types I. 2 .. '. 35. 4 "nd 
oiX Combina[&()o General Purpose 
and W;uertigh( 

Optional Enclosures: 
Red·Hat - Types 3. 7 and 9 Cumbination 
Explosionproof 2nd Raintighl. To ordc;r. 
add prefix "EF' w catalog number. 
(Except Catalog Numbers 8210857. 
8210858 and 8210859)'" 
Red· Hat 11-Types 3. 3S. 4. 4X. 6. 6p, 7 
and 9 Combill2cion Explosionproof and 
Watertight. To order. add prefix °EF" !O 

catalog number. 
~ Addilional constructions arc: available. 
:JI The Optional Electrical Features Section. 

~PECIFICATIONS 

page II, conuins descriptions and 
oro~ting T.i".fCi'n-.. tiOii foi'~ Open F .. ffiO:: 

Solenoids· Junction Box Enclosures 
• Panel Mount Constructions. 
Electrial: Standard Voltages. 
24. 120. 240. 480 volts. AC. 60 Hz 
(or 110. 220 VOllS. AC. 50 Hz) 
6. 12. 24. 120. 240 VOllS. DC 
Other volta~es are available 't\'hen 
reqUired 
Coil: Continuous dut r molded Class F 
or H, as listed. 
Nominal Ambient Temperature 
Ranges: Red·Hat and Red·Hat II ValveslAC 
Construction: 32'1: to 125'T. 
Red· Hat Valvesl'OC Construction: 3r'F. to 
77"E ( 104°E occastonally). 
Red·Hat II ValvesIDC Construction:3rF. 
to 104°F. 
Refer [0 Engineering Section for details 

val"" Parts In Contaet 
with Fluids, 
Body - Brass or Stainless Steel, as listed 
Seals and Discs-Buna -N" or Tenon-, 
as listed 

DISC Holder - Nylon, as hSled 
Core Tube - 305 s.s. 
Core and P'u~nu{ - 4.\OF S.S 

Springs - 302 s.s 
Shading Coil-Copper (brass bod)'). 
Silver (stainless steel body) 
Approvals, CSA <'<'rlified 
UL Iis(cd as indicated. Refer to 
En~ineering Section for details. 

Ordering Infonnalion: 
Important: We mus( ha,'C catalog number, 
voltage and Herlz. operating pressure 
and fluid handled. Usc strainers with 
solenoid valves 

StanUnI SQlenakl Eaclosuru 
Wilt RaUogI Red.flat-T",e 1 

1Iu. tlaaolc.u 
Openllftg Pr ...... DI11e.eotlol (psi) FItrId 

Rod.flaIIl-Types1,2.US.4 aDd 41 -1Iu.~ IIu.DC T""'JI.'f. ..... Badr S.S. Badr t!l 
c.m. tam. 

l'Il>e OrlUn C. Rot Ret 
Size Size Raw Alr-laert UgfIIOU AI,-Iam L\gJIIOII catalog 1Ia. U\. catalog 1Ia. Ul 

(I ... ) (I ... ) facto. MI •• Gas Water @iIGOSSU Gas Water @i1G01SO ~ DC .lniHr <!l UoIIttg -. <!l UsIIttg ~ DC 

NORMAllY CLOSED (Closed when tle4nerg1zed), Buna "N" or TefIon® Seating 

'11 ~. 1.5 Gl ISO 125 - 40 40 180 ISO 8210073(1) lP • 8210G36Q) lP • 6.1.f 11.6.f 
~. '11 3 0 ISO ISO - ~O 40 - 180 ISO 8210093 50 0 - - - 10.11f 11.6.f 
'11 ~. 3 5 200 ISO 135 125 100 100 180 ISO 821001 60 0 - - - 6.1.f 11.6.f 
~. I(, 3 5 300 300 300 - - - 175 - 821006 50 0 - - - 17.1.f -
'h ". 2.2 Gl ISO 125 40 40 180 ISO 8210015Ql 2P • 8210G37Ql 2P • 6.1.f 11.6.f 
'h I(, 4 0 ISO ISO - 40 40 - 180 ISO 8210094 SO 0 - - - 10.1.f 11.6.f 
'h .... 4 0 ISO ISO 125 40 40 - 175 ISO - - - 8210087 7D • 1'.1.f 11M 
'h v. 4 5 200 ISO 135 125 100 100 180 ISO 8210G2 60 0 - - - 6.1.f 11.6.f 
'h .... 4 5 300 300 300 - - - 175 - 821007 SO 0 - - - 17.1.f -
~, ~, 5 0 ISO ISO 125 40 40 175 ISO - 8210088 7D • 17.1.f 11.6.f 
~, ~, 5 5 125 125 125 100 90 75 180 ISO 821009 90 0 - - - 6.1.f 11.6.f 
~, ~, 5 0 ISO ISO - 40 ~O - 180 ISO 8210095 80 0 - - - 10.1.f 11.6.f 
~, ~, 6.5 5 250 ISO 100 125 125 125 180 ISO 821003 110 0 - - - 6.1.f 11.6.f 
~, ~, 6 0 350 300 200 200 180 180 200 77 821082600 lOP ® - - - 15.<I.f 3O.6IH 
1 1 13 0 ISO 125 125 100 100 80 180 77 82108540 310 Ql 8210089 150 Ql 15.<I.f 3O.M! 
I 1 13 5 ISO ISO 100 125 125 125 180 ISO 821004 120 0 - - - 6.1.f 11.6.f 
1 1 13.5 0 :!I1Il 22S 115 ~ - - 200 - 8':10827 14P • - - - 20IF -

1'1. 11/. 15 0 ISO 125 125 100 100 80 180 77 8ZIOB55@ 320 ® - - - 15.<I.f 3O.&'H 
11f. 1''' 15 5 ISO ISO 100 125 125 125 180 ISO 8210GB 160 0 - - - 6.1.f 11.6.f 

h 'lit 22.5 0 ISO 125 125 100 100 80 180 77 B2IOB56O 330 Ql - - - 15.<I.f 3O.&'H 
Jlh 11/. 22.5 5 ISO ISO 100 125 125 125 180 ISO 8210G22 180 • - - - 6.1.f 11.6.f 
2 1'1, ~3 5 ISO 125 90 SO SO SO 180 ISO 82100100 20P • - - - 6.1.f 11.6.f 

lIh W. 45 5 ISO 125 90 SO SO SO 180 ISO 82100101 21P • - 6.1.f 11.6.f 



8210 SERIES (continued) 

C;PECIACATIONS (continued) 
• I 

".ldaN '.'tHlef fAdaarts 
o,CrlUftf PfeCSUf' DIlICrefttl.1 ,psi) Mu. Ae ........... Type 1 

W.t1A1U"I' 
fluid Red ..... t I'-TYlles 1. 2. 3, 2$ ..... n til .. ", Coil 

Mar. At Mal. DC Temtl·~. lraa Iody S.S.lof\' "mllalloo 

c:anstr. ~. 
PIpe OrIn" tv Ught 011 UplOiI Ret Ret 
sa. sa. Flow Aif-lnert @3IIG Alr-lnen @3IIQ Caillog .... Ul CataloG Mo. ~\Ol ( .... ) (In •. ) FaClOl Mlrt. Gas Wa .. $$U Gas Water $$U At OC Number <!> lIItl", "ambel <!> Ustl At DC 

NORMALLY OPEN (Open when d ..... nerglzed~ Buna "N" Seating (Nylon Disc Holder. excepl as noted) 
~, 'I. 3 0 ISO ISO 125 125 125 80 180 ISO 8210033 230 • - - - 10 111' 11.61f 
Ifi 5/i 3 5 250 200 200 250 200 200 180 180 S21CG11®® 390 • - - - to.11f 11.&f 
'il ~. 4 0 ISO ISO 125 125 125 80 180 ISO 8210034 230 • 10.111' 11.611' 
'il 'I. 3 0 ISO ISO 100 125 125 80 180 ISO - - - 8210G30 370 • 10.111' 11.611' 
'h 'II 4 5 2SO 200 200 250 200 200 180 180 821OOI2®® 390 • 10 1If 11.611' 
~, 'I, 5.5 0 ISO ISO 125 125 125 80 180 ISO 8210G35 250 • - - - 10.111' 11.611' 
>t, ~, 3 0 ISO ISO 100 125 125 80 180 ISO - - - 8210G36 360 • 10 1If 11.611' 'I, 'I, 6.5 5 2SO 200 200 2SO 200 200 180 180 8210e13 240 • - - - 15.411' 16.M 
1 1 13 0 125 125 125 - - - 180 - 8210B57®8 340 • - - - 20If -
1 1 13 5 150 ISO 125 125 125 125 180 180 8210014 260 • - - - 15.411' 16.M 

1'/. PI, 15 0 125 125 125 - - - 180 - 8210B58®8 350 • - - - 2011' -
1'14 1'/1 15 5 ISO 150 125 125 125 125 180 180 8210D18 280 • - - - 15.411' 16.M 
1'12 1'/. 22.5 0 125 125 125 - - - 180 8210859®8 360 • - - - 201f -
l'h 1'14 22.5 5 ISO ISO 125 125 125 125 180 180 8210032 290 • - - - 15.41f 16.M 
2 13/~ 43 5 125 125 125 125 125 125 180 ISO 8210103 lOP • - - - 15.41f 16.M 

2'" 1l j, 45 5 125 125 125 125 125 125 180 150 8210104 27P • 15.411' 16.M 
Notes: <D 5 psi on AIr: 1 pSl on Waler. (!) v ...... nol mi\alI~ with EI\I"''''prooI endosu .... 

Q) Valve ProYIded WIth Tenon nwn dtsc. 
a> v .... ind_ lJlIem (G.E. lrade ... ",) poston. 
® letter "d" denotes dQPnraom constructaon: "P" denOtes piston construction 
cD Ul ksted as General Purpose VaM on A.C vortaoe onty. 

(!J On SO Hertz: service, the watt ratlno tor tne 6.11F SOlenoid IS 8.1 W41tls 
(!) At; Construclion also .... nylon .... ing 
® No dtst holder. 
• Slainless Steel disc holder 

ECTRICAL INFORMATION 
o DC c:onstrctCllOn must tIM JOIencMcI mounted o;ertlCal and ~rllJht -

WIHRa" .. a"" "" .. COIl PIlI No. 
Pawer Coasamptton Ge.e,,1 Pu!)lose . ~os/aailraol St..!~!~ 

COlt IIId At 
ClalSef DC VA VA 

lasulaucm Witts Watts Holdlq - At DC At DC 
F - 6.1 16 ~o 238210 - 238214 -
F 11.6 10.1 25 70 238610 238710 238614 238714 
F 16.8 1M 27 160 99257 97617 99257 97617 
F - 17.1 ~O 93 238610 - 238614 -
F - 20 43 240 99257 - 99257 -
H 30.6 - - - - 74073 74073 

DIMENSIONS (In Inches) 

CoMer. Rel.5. G. 7 ••• I. 11. 12. 1Ii. II. %11. rt. %3. 25. S7. II 

.. ,. 
oor .... 



8210 SERIES (continued) 

DIMENSIONS (In Inches) 

.1 
Cow. Refs. 10, 14, 15, 24, H-36 

CoIISIr, Ret. 39 

CNar. 
ReI. 
No. " l P W 

I' 3"1» ,"", 3111:12 111/" 

2' .4li.6 2'", 3"1» 1"1" 

5 :po", 2>, 3"~ 2>. 
6' 3u/:I:l 2>, 2"'" 2> .. 
7 ."" 2"1_ 3'/11 2>_ 

• .'. 213/" 3'''6 2> .. 

" 3-"1; 2!¥;w 3 ~ .. 
1D" 5". 2'''" """, 2> .. 
\I' 4"" 3"h. 3111JJ 2>· 
\2' 5'11 3>/. • 2"', 
14# 6Uhz 3..,. 5"bI 3'/· 
15' sll/» 3>/. 4''''' 3"'" 
16' 5'11 3"'" 4 3>io 
W 6'1, .. , 4"" 3>/ • 
211' 711. 5'IK .~- 4"'" 
tt' N. S'h 4"" M'. 

%3 ""hr %>. - 2'h> 
24 5v. 3"h. 4'1" 2'1< 
25 4'1. 2"'" 3"'" 2'h> 
26 61l1s: 3>/. ...", 2.., • 

!7 S'I::: !N: S~ 5¥;: 
28 617hl 3"", ...", 3>io 
29 7"" ... $IJ" 3f/o 

3G 8'", 5'1. 5"'" 4''''' 
3\' 6" :W. S'h 3V, 

R' 6'. 3"", S'h lV, 

33' 6'/1 ... M'. -34# - 3>/. "'" 3V, 

35' 7111:11 3"", 6"'" 3'1< 

361 71'", ... ~ . -37 ... '" 2"", - 2"'" 
38 ...", %"1M 3'/. %"1M 
39 S'h %>. 4.., • 3..,. 

...aIITNIT:"" _ be _In lIlY (IOSItIon, 

~lSnoIod. " __ lie ____ lOcI 

,.:r-inenIkNis sOofdIr ..roe;.4.- ... ....,.~'W,.,.,.ll~ .. ~ ..... Y' ... 

• ~ ......... ~,;' •• { -;,- _ ~.I' . !,l.r'''- . 

..., 



General Description 
These are standard Red·Hat solenoid 
valves modified to extend the cycling 
life when handling dry air and gas by 
eliminating metal~to~metal contact. In 
addition, the internal AC hum and the 
metallic click heard when the 
solenoid is energized have been 
virtually eliminated. 
All valves listed are suitable for both 
rapid cycling and continuous 
energization. 

SPECIFICATIONS 

Specifications 
Solenoid Enclosures: V,,-lves listed 
in this series use the Red·Hat metal 
solenoid enclosure. 

Standard Enclosures: 
Red·Hat- Type 1 General Purpose 

Optional Enclosures: 
Red·Hat-Type 7 (C and D) 
Explosionproof which also meets 
Types 3 and 9. To order, add pre£1X 
"fF" to catalog number. 

Additional constructions are available. 
The Optionill Ekctrical Features 
Section, page II, contains 
descriptions and ordering information 
for: Open Frame Solenoids· Junction 
Box Enclosures· Panel Mount 
Constructions. 

Electrical: Standard Voltages: 
24, 120, 240, 480 volts, AC, 60 Hz 

\lJen11llg _. ..... 
DII .. reatJal (psi, RIItd Temp. 

IIaL At 'f. 
Pili' Orifice Cv 
Size Size Flow Alr~oert Body 

(I ... , ( .... , - Mia. Go At _I 

5 MIWON CYCLE CAPABIUTY 

NORMALLY CLOSED (Closed when de-energlzed) 

~. ~. 3 5 125 140 BI1SS 
'h '" 4 5 125 140 BI1SS 
'I, 'I, 4.5 5 125 140 BI1SS 
1 1'" 13 1 20 140 Aluminum 

11f~ 1'1. 15 1 20 140 Aluminum 
l'h l'h 20 1 20 140 Aluminum 
2 2'111 34 1 20 140 Aluminum 

NORMALLY OPEN (Open when _rglzed) 

'I. '10 3 5 125 140 BI1SS 
'h '10 4 5 125 140 BI1SS 
'I, I{, 4.5 5 125 140 Brass 
1 1'" 13 1 20 140 Aluminum 

111. 1'1. 15 1 20 140 Aluminum 
l'h 1'" 20 1 20 140 Aluminum 
2 2'111 34 1 20 140 Aluminum 

20 MIWON CYCLE CAPABIUTY 

NORMALLY CLOSED (Closed when de-energlzed) 

'h 'h .35 0 125 140 Brus 
'I, 'h .35 0 125 140 BI1SS 
'I, .'" .B5 0 50 140 Brus 

NORMALLY OPEN (Open when de energized) 

'" '110 .09 0 125 140 811SS 'I, '110 .09 0 125 140 BI1SS 
Mote: <D VA ReQuutments. Inrush and Hokl . 19VA 

46 

Consult local ASCO salc:s office for 
DC voltages. 

Coil: Continuous duty molded Class 
A diode coil. 

Nominal Ambient Temperature 
Range: 32"E to 77"E (104°F 
occasionally). 
Refer to Engineering Section for details 

Installation: For optimum life, the 
solenoid should be installed vertical 
and upright. 

Approvals: CSA certified. UL Usted 
General Purpose V,,-lves~262 Series 
only. Refer to Engineering Section for 
details. 

Ordering Information: 
Important We must have catalog 
number, VOltage and Herl2, operating 
pressure and fluid handled. Use 
strainers with solenoid valves. 

WIU RlUIII! 
S\a1ldard $01_ £nct_m aus "'CoIl 

_1-1"., -(!) 

Cafllog M._ At 

821001Q 13.41" 
8210020 13.41" 
821009Q 13.41" 
821595Q 13.4111 
821596Q 13.4111 
821597Q 13.4111 
8215980 13.4111 

8210CllQ 13.4111 
8210C12Q 13.41A 
8210C13Q 13.41A 
821599Q 13.4111 
8215100Q 13.41" 
8215101Q 13.41A 
8215102Q 13.41A . 

8262nQ 13.41A 
8262C232Q 13.41A 
8262B2OBQ 13,41A 

8262C91Q 13.41A 
8262C32Q 13.41A 



I 

I 

FR01 BROAD R llA::R Vf'IL IA:: TO P.1l3 

MODEL MPT-100 
3 WAY STANDARD PORT BALL VALVE 800 WOG 

10 

9 

II 

BILL OF MATERIALS: 

HO. PART NAa.t£ OTY. 

1 BODY 1 

2 [NO CAP J 

1 

wATtRIA.L 

Cfall TYPE-316 

Cfa .. rvpE-J16 

55-316 J BJ.U-

• S[Ar • AEINrORCEO PHr 

5 5T[I< 1 Cflll< TYP[-316 

6 PACKING 1 prr( 

7 C;l.lNO NUT 1 55 304 

55-504 
!~ 
z B WASH£R 2 

9 ST[I< CAP NUT 1 S5-504 

MODEL MPT -100 10 HANOLE I 55-lD' 

~K 

DIMENSIONS: 

VALVE SIZES 

"-
e 
C 

0 
H 

.PP wC.C~T (LEI"') 

YA4,.Y'C 10-00,1(. (1 .. - .. ') 

[ 

f 

C 

K 

p 

w 

w • 4 

1/ .... 
3.11 
~ .~ 
V.oJ' 

2.4 

6.2 

2.42 

1.8 

SO 

0" 
0.21 

o ~6 
047 

1 G5 

Our new hi.ncS&e 
design has pooiIion 

otops in 90" increments 
for the full 360' 

j F" 

cl 1\ 

I-E 

J/8- 1/2-

3. 1 1 .3.1 1 
~ .. - . ~ U • ..;J# \.I .... , 

2.4 2." 
6.2 6.2 

2."2 2.42 .. 
1.8 1.8 -- -
80 90 

0.4 0.45 

0.21 0.29 .. 

---.-

11 

12 

'3 
1. 

I, 

Pl..A.STfC cOveR 1 VINYL PLASTISOL 

THRUST WASHER 1 PTr[ 

(LA T WASHER 1 SS-304 

STOP PIN· 1 55-50' 

1""----------+--L _____ _ 

Valye Stem Seals and SealS 100% luted 
by 100 pSlg air under water lor bubble 

tight int.vrity 

SPECIFICA noNS 
Body T ... Pr ....... : 1200 PSIG Hydtostallc 
P~$$Ufe R.ting' eoo PSt Wl:)G 

NOTE: NOW Available 3 Way Valve wltn Quick
Clamp Sanitary Ends· Model MPC.100. 
Consuit FaciOI)' for Addiiionai inionnat-'" 

3/ .. - ,- I ,/,,- , 1/2- 2-

3.43 4.25 4.88 5.031 6.45 

0.60 O.7¥ o.va . --•• 4.9 i.57 

2.8 03.03 J.J 03.5 4.0 

6.2 7.3 8.0 9.2 9.2 _. 
2.83 3.3" 03.80 ".23 5.41 

2 .. 5 .. oS 6.5 9.0 15.5 ._-
12O '60 JOo 4BO BOO 

0.6 0./ 0.95 0.95 0.97 - ... ----
0.29 0"6 0.60 0.60 0.62 

0.44 0 .... 0555 

° ,,7 
047 047 __ . __ 047 0.59 0.59 0725 . -- -_ .. -

1.65165 197 197 1.97 2.76 2.76 

0." ~" 0." 0" 

'/6_20VNC 1/.-20~~ ~;:~20-;;'C ;;;::;av..'C' ~;::20V':~ -t, .. -2OVNC ~/'G-'.UHC s/"-'OVNC 

This brochure IS ge".ral In nature and manufacturer reseMOS the right to •• "r 
matenal$ or to make de5tgn improvements 

TOTAL. P.03 



___ ~~ ____________________________________ ~I~FI_G_.N_O_.5_D_44_F~ 

~'" 600-POUND BRASS/BRONZE BALL VALVES 
_Q ~'f, _______ F_ul_1 PO_rt._2_i'_iece __ body __ • bIowoUI ___ -ptOO __ '_s_'e_m_._Ie_y_e_'_ha_nd_le_.:,..SCI"_ewecI __ ends __ . ------1 

I~DU I j [f==l I' I . I ~III \ 
W wt2,.-r-"-I2J...--~) 

l 

WOftcino PNssutw 
_ . Non·&.oci.,iS) I 

SlUm CaICI W_. I 
Ol.Gas I 

150 600 i 

E 

100 I 100 

:r 

I'cIr!IId _ I B2II3-CInW 

FOIR!d Inss. Hatd -...n·pIaIed=~1 ~1!2!!3.I~~C3~n~uo~. 
I'cIr!IId -. I Bt24-C377UO 
TeIant& i 

3 I Sol 
• &om 

:1=.- _ Zinc pIOIed I A36 

- I 71 Vilng 

Faovod _ ! B283-CI77UO • 

10 1_Il0l 
.1lupontI.- -
O"'W"Mons 
'.~' I : 

• ,', \Ill t. 14:'~ I 1 ; 1", : 1t11 ; 2 : 214 3 i" 
Mwtl .• ---l 1 ' \ 
.LJJ.-!!_l.l!!,'uo: 2.54' 3.113' 3.11 ·3.711 ' • .33 1 5.55 ' ... 2 :7.010 
H ! 1.46 r 1." I z.og ~ z.24l : 2.S6 2.10 1 3•11 : 3.43 : 4A1 ; 4.10 ·1.51 
E :~J~~i~ ~ ~:~ ~,~.~~= 

"ci "ii39 i 0.39 ros ' 0.79 • 1.00 1.26 I 1.57 2.00 I 2.56 ,-'5 • .00 

Cv fector 
I '.0 a.o. 15.0 i 30.0 &0.0 110 130 360 450 620 1200 

• .,. ·0.72 0.72; 1.30 • 1.10 2.29 • .33 6.50 '.67 ,4,46 25.35 36.20 

bs 0..l3. 0.31 0.41. oM '.28 1.&4 2.70 4.20 7.7S 12.20 ''.is 

RED-wBl'l'E VALVE CORP. 
OU9, 
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BULLETINS 

8210 
MAINTENANCE INSTRUCTIONS 8211 

2·WAY INTERNAL PILOT OPERATED SOLENOID VALVES 
HUNG DIAPHRAGM - 3/8. 1/2 AND 3/4 N.P.T. 

NORMALLY CLOSED OPERATION Form No. V~25 

DESCRIPTION 

Bulletin 82JO's are 2·way, normally closed. internal pilot operated sole
noid valves. Valve body and bonnet are of brass construction. Standard 
v • .Ivcs have a General Purpose. NEMA Type 1 Solenoid Enclosure. 

Bulletin 8211's are the same &s Bulletin 8210's Cltcept the solenoids are 
equipped with an enclosure which is designed to meet NEMA Type .. 
Watertight. NEMA Type7(CorD) Hazardous Locations-Class I. Group C 
or D. and NEMA Type 9 (E. F or G) Hazardous Locations· Class n. Group 
E. For G. The explosion-proof/watertight solenoid enclosure is shown on 
.. separate sheet of Installation and Maintenance lnstruc:tion.s. Form No. 
V·5380_ 

Bulletin 8210 &nd 8211 valves with suffiX 'HW' in the catalog number arc 
specifically designed for hot water service. 

OPERATION 

Normally Closed: Valve is closed when solenoid is dc-energized and 
opens when solenoid is energized. 

MANUAL OPERATOR (OPlionoU 

Valves with suffix 'MO' in catalog number are provided with a manual 
operator which allows manual operation .... hen deSired or during an inter
ruption of electrical power. To operate valve manually. push in knurled 

" cap and rotate dockwise 180~ Disengage manual operator by rotating 
'knurled cap counterclockwise 180° before operating electricaJly. 

MANUAL OPERATOR LOCATION IRefer to Fig",," 3) 

Mmual operator ( .... hen shipped from factory) "UJ be ktcated over the 
valve outlet. Manual operator may be relocated at 90° increments by r0-
tating valve bonnet. Remove bonnet screws (.c) and rotate valve bonnet 
with solenoid to desired position. Replace bonnet screws (4) and torque in 
a crisscross manner to 110 ± 10 inch pounds. 

If valve is installed in system and is operational, proceed. in the following 
manner. . 

WARNINGt Depr~ •• :abe nbc ad tara '. eIedrteal power Apply. 
1. Remove retaining cap or dip and slip the entire solClloid c:a.dosure off 

the solenoid base suba.ssembly. CAUTION: When metal retaining dip 
disengages. it will spring upwards. 

2. Remove ~~~ ~s (4) ~d rotate _val~ bQ.l!aet to desired position. 
3. Replace bonnet tcreWS (4) and torque in a crissa'ou manner to 110.± 

10 inch pounds. - _ -. ' . 
.c. Replace solenoid endosure and relaiDiII, c:lip'or cap. 

. ;.., .. .) l:~ _ .. -

INSTALLATION: " 

Check nameplate for correct catalog number. pressure, voltage and 
service. 

TEMPERATURE LIMITATIONS 

For maximum valve ambient aud fluid temperatures refer to chart. The 
temperature limitations listed are for VL applications. For non UL 
app.liCiiiions. higher ambient and fluid temperature limitations are 

',avaUabie. Consult factory. Check catalog number on nameplate to 
'4etennine maximum temperaluru. 

Catai<le Maxim .... Maxlmam 
Coa.&tractJoD CoD Number A_binI flold 

au. ""'D. Temp. -F. Temp. -F. 

A·C COftltrucuon A NoneorDA 77 180 
(Alternating Cunene) F DForFT 122 180 

H HT 140 180 
D·C Construction A.F None.FT 77 150 (Direct Current) .".H orHT 

Catai<lR N .... ben A None or 77 210 DA S.m.s:ecl ·UW' 

A·CConstrut1ion F DForFT 77 210 
(Alternating Current) H HT 122 210 

POSITIONING/MOUNTING 

Valve may be mounted in &Dy position. For mounting bracket (optiona' 
feature) di.mension" refer to Figure 1. 

PIPING 

Connect piping to valve aCcording to markings on valve body. Apply pipe 
compound sparingly to male pipe threads only; if applied to valve threads. 
it may enter the valve and cause operational difficulty. Pipe strain &llould 
be avoided by proper IUpport and alignment of piping. When tightaliag 
the pipe do not use valve u alcyer. Wrenches applied to valve body or 
piping are to be ktcated as dose as possible to connection point. 
IMPORTANT. Vol ... wlih -. 'IIW' Ia Ihe -.Joe ._ .......... . 
opedaI dlapluagm -..tal wbIeh .. 'P' cIOeuIIy _ .............. loot 
waier HI'Yioea Taia .weriai c:aa be auackeci by .ii. ... d peue. wipe tile 
pipe __ ...... 01 eatdq .... &lid __ tape to.-l pipe ......... 

IMPORTANT. Fo.1ke .-01 Ike ooIeaGid·"", .. , IiiaIOD .......... 
or mlft ... tabIe 1 .. 1he __ .... la-doe 1aIet ............. Ihe 
wive .. poalbIe. ferWIe cIeIIIIIq Ie reqa:ired dip ~D'!'na _ die NnIce 
.....utloa&. See ~ 8600, 8601 oad.a602 ... __ 

WIRING 

Wiring must comply with Local and Natioul EI_ Codes. Housings 
lor oil ooIenoids ..., pnMded with CDIIIlectioa. few llliach _dalt. The 
gea"" pIUpDSe ooImoIcI eadosuoe .... y be lOtatecl to Iacl1itale wiriaa by 
......maaR the n:taiDing cap or dip. CAtmON: Whoa ...... n:taiD1a1 dip 
diseng.ges it will spring upwanls. ROIale to 6es_ position. Replace 
~iain8 cap or dip before operating. 

,'NO'I'&AftM-...... c.ne.c(A.c) •• tlMftlcto.n-t·(D..QS.' FlU arc -_IIy.T. ____ to .... _.It .. _Io-.. 
,the. ~FI.~ • .....w ... 1 d~.CIIe..-..,wbae ........ _Wy ... &we 
UHtIibIy. -- ,,~ " - • 

SOLENOID TEMPERATURE 

Standard catalog valves are supplied with coUs designed for continuous 
duly service. When Ihe ooIeaoid is e .... ized few • 100, period. the 101e
noid em:!osure become: het and ='"1 be:: t~died .. ~Ji t.'le haiid for Viilj &Ii 
instant. This is • safe operating temperature. Any nceurve he&tiDg will 
be indicated by the smote and odor of burning coU insulation. 

MAINTENANCE 

:::FOf:::.::".::N:.:o..!V~.«jIJ~2!;!!!.... __ !!PR!!!I!!NT!!E~D~IN~U:!;S~A~.....!!19!?!75 AutomaUc Swtttlt Co. 
ASCO Valves. • • 

FLORHAM PARK.. HEW JERSEY 01832 

@ ilcublWllL Sdda Co. ..... AU ... .....,.O' 



CLEANING 

A periodic deaning of all solenoid vaives Is desirable. The time between 
deaning' will vary. depending on media and service conditions. 10 ,cn· 
eral. tf the voltagc to the coil &s CXHTCct. sluggish valve operation. uccs' 
.ivc leakage or noise .. UI indicate that deaning is required. 

REVENTIVE MAINTENANCE 

1. Keep the medium flowing through the valve as free from dirt and 
foreign material as possible. 

2. While in service. operate valve at least once a month to insure proper 
opening and dosing. 

3. Periodic inspection (depending on media aDd service conditions) of in
ternal valve parts for damage or excessive wear is recommended. Thor
ou&ly dean .U parts. Replace any parts that are worn or damaged. 

IMPRoPER OPERATION 

I. Faalty Coatr'Ol ClreaIt: Check electrical system by energizing solenoid. 
A metallic dick signifies the solenoid is operating. Absence of the did: 
indicates loss of power lupply. Check for&ooscor blown-out fuses. open 
circuited or grounded coll, broken lead wires or splice connections. 

2. Btu'II.ed-Oat Cod. Cheek for open circuited coil. Replace coil if neces
.. ry. 

3. Low Voltq:e. Check voltage across coil leads. V61tage must be at least 
85% of nameplate rating. 

.... !::~~ Pr==="M!:: C'h~ tt!.!'!e pressure. Pressure tQ the v~ve rn.;,;:::1; 
be within rangc Specified on nameplate. 

S. Elcnalft Leakaa:c. Disassemblc valve and clean an parts. Replace 
wom or damaged. parts with a completeSpare Parts Kit for best results. 

COIL REPLACEMENT (R.f.r to Figure 2) 

T .... 01l.1edrlc:aI powo, aapply ODd _ coD ....... Proceed ... tho 
(oUowlDe lIIUIlen 

1. Remove retaining cap or clip. umeplate and cover. CAunON: When 
metal retaining clip disengages, it will spring upwards. 

2. Remove spring wuber. insulating washer and coD. Insulating washen 
are omitted when a molded coD is used. 

3. Reassemble in reverse ordet of diusscmbly payina c:arefulattention to 
ezplodcd view provided for Ideo_ion ODd plaoemeot of parts. 

'AV'l10N. SoIeaold lIIat be tan, _bled .. tho boaIIq ODd Ia. 
malputaanputof .......... plelelbo ___ t. ......... aIaIIaa 

....tIer at .... cad of coD If NqII/Nd. 

VALVE DISASSEMBLY (Rofor to Flgu ... 2 and 31 

. DepNU1Ulze ..J .. ODd tam 011 eI«Vk:aI power oapPl¥. Proceed Ia tho 
foDowlaa ........... • , . 
1. Remove mainiag cap or dip and slip the 'eatire IOleaold eadosure oft' 

the lOIenoid ba.e sub-assembly. CAV'l10N: meo m.... malam. 
dip dis .... ag... it will .pring apwanls. 

2. UDscrew IOleaoid base IU. ... UlelD.bly and remove boaud patet. 
3. Remove valve bonaet _. (4) ODd ..Joe bemaet. 
•. FOf Dormal malIlteunce. tt is not lI.eceaary to dill"cmble the manual 

_tor (optIouI feal1lrc) l1li1 ... eatemallatace Is evldeot. To dis
~_u.emble ft!!!~ !t~ p~, m!.:ua:'! cpe:at=' ::em, stem iit"&;"i ioiid 
Item Bastet. 

S. Romove con: _prin •• coreIcliaphragm sa_bly ODd body .uket. 
~ .• ·l=AtmON:.Do DOt ........ or _ ..... gor ..... -. __ corel 

AI_ bra b- bl ~,."'o . 
'~',"ff""-A P p,n auem. ,Yo I;f~"""~' "r,"I,n~ ');'/,1" 
... '''~'' U Pf:IU ~ DOW ~ble for deaaUll.9f replacement. Rep ace wom 

or damaged parts with a compiete'Spare Parts Kit for best remits. 

• • 

VALVE REASSEMBLY 

1. Reassemble in reverse Ofder of disassembly payml carefui attentIOn 10 
uploded views provided for iclentifacation and placement o( parts. 

2. Replace body pstet &ad core/diaphragm sub-assembly. Locate tht 
bleed hole in eo«Idiaphragm sub-assembly approximately 45° from/~, 
the valve outlet. , 

3. Replace core spring with wid~ end in core fint; dosed end protrude. j 
from top o( core. 

.c. If removed. replace manual operator stem, stem spring. stem gaskel 
and Item pin. 

S. Replace valve bonnet and bonnet screws (4). Torque bonnet screws (4) 
in a crisscross manner to 110 ± 10 inch pounds. 

6. Replace bonnet gasket and solenoid base sub.assembly. Put solenoid 
base sub-assembly to 175 ± 2S inch pounds. 

7. Replace solenoid enclosure and retaining cap or clip. 
8. After maintenance. operate the valve a few times to be sure of proper 

opening and closing. 

SPARE PARTS KITS 

Spare Parts Kits and Coils are avaUable (or ASCO valves. 
Parts marked with an asterisk(-) are supplied in Spare Parts Kits . 

Flprel. 

/ ORDERING INFORMATION "'" 
FOR SPARE PARTS KITS 

When Ordering Spare Pam Kltl or Colis 
SpKIfy Valve Catalog Number. 

Slr.1 Numb« end Voltege. 

PARTIAL VIEW OF 
MOUNTING BRACKET 

(OPTIONAL) 

f.-B2.il~ I 1;656 I 
K& ~. .' 
i I. 1 ... 
1/- 'I ~, 

.... , -" 

I.---__ ...;,_-:-..:.;; .. __ .::.:;:"~. 1·~"·,,,':),"_ 
J:Jnn"j ·.'Jl";~~' 

".1 "!:'"1 r'-"I rgl7: n ., " 
L--- -.281 DIA. 

-"L· ,: ., .. !·:O"~lt.~ 3'JLlq!..)! 1-

2 MOUNTING 

[mm] 
I4-INCHES-+f 

t 
" 

III ASCO Valves 

AutomaUc Swttth Co. 
e> •• L Sdr:II CD. Hft. AU. lIOMTI MHIIVIo. 

FLORHAM PARK. NEW JERSEY 071132 ..:F.:arm::::.:N::o.::...:V:.;-68:::::Z5=-__ ,-.!.P:!:R!!I~NTE'-!..!:~D:..!I~N~U!!:!&~A:!:.. __ '!.!97£~ 
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"\ 

NAMEPLATE,-...... ~:!::; 
~RETAINING CLlP* 

TORQUE SOLENOID BASE 
SUB·ASSEMBLYTO 

175::!: 25 INCH POUNDS 

<l:I::i>-----~I· t< I NG WASH E R 

NGWASHER 
(SEE NOTE) 

~hl---INSULATING WASHER 
(SEE NOTE) 

PARTS INCLUDED IN 
SPARE PARTS KITS * 

TOROUE BONNET SCREWS (4) 
IN A CRISSCROSS MANNER TO 

110 ±10 INCH POUNDS. 

~_BIJN~IETSCREWS 14) 

SOLENOID BA:SE'---+~''1 
SUB·ASSEMBLY 

~-NIOUNTING BRACKET 
TWO POSITIONS 

(OPTIONAL) 

BONNETGASKI~~~~~)~ 

LOCATE BLEED HOLE IN 
CORE/DIAPHRAGM SUB· 

ASSEMBLY APPROXIMATELY 
450 FROM VALVE OUTLET 

.. 
~--Vj'LV'E BjlNtjET 

t_---ICOFIE SPRING * 
CWIDE END IN CORE FIRST, CLOSED END 

·PROTRUDES FRDM TOP OF COREl . 

SUB· 

,--...,...oIILI:ED.I;l~~~. :: 
--- -~ .. :;..: 1 

~--V,"'L"E BODY 

NOTE: INSULATING WASHERS (2) ARE OMITTED 
WHEN A MOLDED COIL IS USED. 

BaIleCIaI110-3/a,111"3/4N.P.T.-A.c~ 
GeaenlJMII"POH ...... ,.d IlIe .... 

t1pftl. F ... zpIooIoa.....,u..-pt_=' I ...... BaIieCIIlI1I1,_F_No.V-53IO. 

", ' 



TORQUE SOLENOID BASE 
SUB • ASSEMBLY TO 

175:t 25 INCH POUNDS 

PARTS INCLUDED IN 
SPARE PARTS KITS* 

~PRr----RETAINING CAP * 
~RETAINING CLlP* 

~~~~r--'SOLEI~OIDENCLOSURE 

SOLENOID BASE---f""i I TORQUE BONNET SCREWS (4) I !N A CRISSCROSS MANNER TO 
110± 10 INCH POUNDS. 

SUB . ASSEMBLY 

BONNET GASKET*.:..:....-~T'\ Q.-BIONtIETSCREWS (4\ 

VALVE BotmET--"1!~Q GASKET* 

STEM 

-,,,.~ .. SPRING* 

...--IMANUAL OPERATOR STEM 

CORESPFIINIG~----4 

iSEE NOTE) 

LOCATE BLEED HOLE IN 
COREIDIAPHRAGM SUB· 

ASSEMBLY APPROXIMATELY 
.... n ,..,.,,""' .... ,AI "I~ _.IT, ~ 
AtO- r nV1V1 V 1'\ .... V I;;; VU I .... ~ I 

* 

II----COREIDIAPHRAGM 
SUB· ASSEMBLY * 

:"""'-BI.EED HOLE 

)---B;OCIY GASKET * 
~~ 

. ~ .r~T~.'·""-;''' 

~-\J'AIV 'If BODY 
.~;" 

• I ., 
_j,I0TE:: WIDE END OF CORE SPRING IN 

CORE FIRST, CLOSED END PROTRUDES 
FROM TOP OF CORE. 

BaIIo1lll8210-MaaaalOpenlOr GeaenJ.oupooe_ ... doo_oho_. 
lave 3. P ... xp\oeIaa-p_Uwolet1l&htooleaold __ .. _82l1, _ Po .... No. V·53aO. 

------------~--~----~----------------~------------------~, . 

., 
ASCO Valves 

• • 
Automatic SWftctt Co. FLORHAM PARK, NEW JERSEY 07932 FonnNo.V-6825 197! PRINTED IN u.s.A. 



Attachment C 

Pump Testing and Modeling 



PUMP TEST 

1.0 INTRODUCTION 

The aquifer characterization test was designed to enhance estimates of aquifer characteristics and 

investigate the feasibility of a groundwater extraction/injection remedial alternative. 

This aquifer characterization test was comprised of several separate phases that are listed below 

and described in Section 2. 

Aquifer Test Phases: 

Phase 1 Ambient condition monitoring 

Phase 2 Step drawdown testing 

Phase 3 Constant-rate pumping test 

Phase 4 Recovery monitoring 

The following objectives were met while implementing this aquifer characterization test. 

Objectives: 

• To determine the optimal pumping/injection rate for potential extraction/injection wells. 

• To refine present estimates of the aquifer parameters. 

• To determine the areal extent or radius of influence for a pumping/injection well. 

• To determine if groundwater pumping/injection is a feasible remedial alternative. 

2.0 AQUIFER CHARACTERIZATION TEST 
I 

After an initial round of water levels were collected, the pump, transducers, data loggers, rain 

gauge, and any other necessary equipment were installed and set up. Next, operation of the pump 

and data loggers was tested, the data loggers were programmed, and transducers and water level 

indicators were calibrated. 
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2.1 Monitoring Equipment and Observation Wells 

To improve measurement accuracy and reduce manpower requirements, water levels in the 

pumping well and six nearby observation wells were measured using pressure transducers and 

automatic data loggers. Clocks on the data loggers were synchronized with each other before 

testing began. Water levels in most of the other site wells were monitored intermittently by hand. 

Observation wells monitored with data loggers: 

PW-I (pumping well) P-OI P-02 

09D 10D 14D 16D 

The effects of barometric pressure change on the aquifer were investigated during each phase of 

the test. Pressure changes were monitored with a barometric pressure transducer connected to a 

data logger. 

2.2 Phase 1, Ambient Condition Monitoring 

Ambient monitoring parameters including barometric pressure and static water level changes were 

monitored for 43 hours prior to the first test and during each phase of testing. Ambient 

monitoring was conducted to identify rising or falling water level trends in the aquifer and the 

influence of any nearby pumping wells. Barometric pressure was also monitored continuously 

during the ambient phases of the test to identify any potential relationships between it and water 

levels. 

Because of their distance from the pumping well, outlying hand-monitored wells were considered 

ambient monitoring points. Therefore, the ambient behavior of the aquifer was monitored 

throughout the entire testing period. Ambient monitoring did not reveal any operating production 

wells near the site. The monitoring did indicate a subtle but steady drop in water levels 

throughout most of the testing period that reversed after heavy rains came during the second 

constant rate test. Water levels dropped an average of 0.07 feet until infiltrating water from the 

2.93-inch rain caused an average 1. 13-foot water level rise in the distant deep wells. 
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2.3 Phase 2, Step Drawdown Testing 

Step drawdown testing involves pumping a well at increasingly greater discharge rates (steps) 

while monitoring drawdown in the well. By comparing each discharge rate with the corresponding 

drawdown, the optimum pumping rate for the tested well can be estimated. 

A step drawdown test on PW-l was started at 1445 on January 20, 1999 with a flow rate of 

approximately 0.5 gallons per minute (gpm). Drawdown in the pumping well was monitored 

during the test to determine when the next step could begin. After 60 minutes the drawdown 

stabilized at 3.19 feet and the flow rate was stepped up. The rate for the second step was 

0.65 gpm and the water level stabilized after 30 minutes with 4.68 feet of drawdown. 

Additionally, during development, PW -1 was pumped at approximately 1.75 gpm for 30 minutes 

and the drawdown was 13.79 feet. Before the second constant rate test was conducted, a single 

step test was conducted on the well to determine it's response to a higher pumping rate of 2 gpm. 

At 60 minutes, the water level stabilized with 14.7 feet of drawdown. 

Groundwater from the pumping well was routed through two 5-foot long, 12-inch diameter 

activated carbon tanks and then to the sanitary sewer. Influent and effluent samples were collected 

and analyzed for VOC concentrations on approximately 24 hour intervals during pumping periods. 

2.4 Phase 3, Constant-Rate Aquifer Test 

As the name implies, a constant-rate pumping test involves pumping a well at a constant discharge 

rate while simultaneously recording water levels in pumping and observation wells and the time 

elapsed from the start of pumping. The water level/elapsed-time measurements are used to 

estimate aquifer characteristics (hydraulic conductivity, storativity, etc.) 

Two constant-rate pumping tests were conducted on PW-l at different pumping rates. Test 1 

started at 1200 on January 21, 1999 and ran for 18.57 hours until the pump overheated and 

stopped. The pumping rate for this test was 1 gpm. 

C-3 



Because Test 1 was prematurely terminated and greater stressing of the aquifer was desired, a 

second constant-rate test was conducted. Test 2 started at 0900 on January 23 at a pumping rate 

of 1.71 gpm. This test lasted for 51.67 hours, however; the heavy rains masked and eliminated 

the drawdown in most of the observation wells approximately 10 hours into the test and throughout 

the rest of the test. 

2.5 Phase 4, Recovery Monitoring 

Recovery tests involve monitoring the rise of water levels back to static conditions after pumping 

has stopped. Recovering water levels are recorded with the time elapsed after pump shutoff and 

the relationships between pumping rate, pumping duration, and recovery time are used to estimate 

aquifer characteristics. Generally, recovery data provide a means to double-check the results 

obtained during the constant-rate test. 

Because Test 1 was prematurely terminated, little early-time recovery data could be collected. The 

rain event during Test 2 adversely altered the recovery rate of wells still showing drawdown. 

Therefore, the recovery data from both tests were deemed unusable and no recovery analysis was 

conducted. 

After testing, the transducers were removed and decontaminated. The data loggers were taken to 

the office and the data was downloaded to a PC. 

2.6 Equipment Decontamination 

To prevent cross-contamination, water level indicators, pressure transducers, and other equipment 

that came in contact with contaminated groundwater was decontaminated before and after each use. 

Decontamination Steps: 

1. Equipment was rinsed with deionized water. 

2. Equipment was rinsed with isopropyl alcohol. 

3. Equipment was rinsed with deionized water. 
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3.0 DATA MANAGEMENT AND MANIPULATION 

Once in the computer, data were loaded into a spreadsheet program for manipulation and 

graphing. Before the data can be analyzed, drawdown corrections must be evaluated. 

3.1 Drawdown Corrections 

Drawdown data were evaluated for correlation with barometric pressure and ambient water level 

trends. Both these parameters were· determined to have a negligible effect on water levels. 

Therefore, drawdown corrections were not required or conducted. 

3.2 Data Reduction and Compilation 

Data from the pumping tests were compiled using the computer program Aquifer Test Solver 

(AQTESOLV) for Windows by HydroSOLVE, Inc. (1998). AQTESOLV has several widely 

published and accepted analytical solutions for many different kinds of aquifer tests. Specifically, 

a drawdown model associated with leaky confined aquifers was used to estimate aquifer 

characteristics. 

Pumping Test Results 

Data from the constant-rate tests were entered in AQTESOL V and plotted using a leaky confined 

solution developed by Hantush and Jacob (1955). This method uses time (elapsed) plotted against 

displacement (drawdown) on logarithmic graph paper to calculate aquifer transmissivity (T) and 

storativity (S). The AQTESOLV graphs are presented Appendix XXXX of this report. 

Table 2 presents the transmissivity (T), hydraulic conductivity (K) and storativity (S) results of 

both constant-rate tests. 
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Observation T 
Well (ft'/min) 

p .. l)! O.ons 

P-02 0.012 

14D 0.32· 

09D 0.12 

HiD O.~ 

Table 1 
Constant-Rate Test Results 

Test 1 Test 2 

K (ft/day) S (unitIess) T (ft'/min) K (ft/day) S (unitless) 

VI40.0021 b.oosir • ··0.936 OJlOl9 

2.16 0.0008 0.0092 1.656 0.0008 

$1.6 0.001 IU730.60.001 

21.6 0.0002 0.1 18 0.0003 

41.4 CtOO14 . O~l!j 21 0.0011 

Geometric 
Mean 

Both tests combined: T = 0.05 ft'lmin K = 9.05 ft/day S = 0.0009 

Noles: 

T = K*b; where b = 8 feet at tlus Site. 

Because these aquifer parameters are lognormally distributed, the geometric mean is the best 

measure of central tendency. Therefore, the average for the site is presented as the geometric 

mean of all five wells and the two tests combined. 

Ouring both constant-rate tests, only the five transducer-monitored observation wells of Table 1 

exhibited drawdown levels sufficient for analysis. However, all the transducer-monitored wells 

and hand-monitored wells 060 and 070 were influenced by pumping. This indicates a radius of 

influence of at least 246 feet; the distance between PW -1 and 060. 

4.0 REFERENCES 

Hantush, M.S. and C.E. Jacob, (1955). Non-steady radialjlow in an infinite leaky aquifer: Am. 

Geophys. Union Trans., vol. 36, pp. 95-100. 

HydroSOLVE, Inc. (1998). AQTESOLVfor Windows Version 2.l2-Professional. 
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GROUNDWATER MODELING OF TREATABILITY TEST AREA 

INTRODUCTION 

A groundwater modeling effort was conducted to support the execution of a treatability study at 

NAVBASE SWMU 166. The study is addressing enhanced bioremediation, and requires that 

affected groundwater be extracted from the vicinity of the bordering sewer line and re-injected in 

the surficial aquifer upgradient of the extraction points. Siting of the extraction and injection 

points, as well as determining predicted extraction and recharge rates, were the goal of this 

modeling effort. A time frame of six months was specified as the treatability study performance 

period. Due to the simplistic nature of the aquifer and the anticipated remedial actions, an 

analytical solution was used for the modeling. 

CONCEPTUAL MODEL 

The surficial aquifer at SWMU 166 is comprised of a mosaic of fluvial and shallow marine 

deposits containing mostly sands with minimal amounts of clays and silts. The modeling effort 

treated the aquifer as a single isotropic and homogenous layer, within which the groundwater is 

unconfined. The analytical solution assumes steady state conditions, and is based on an established 

piezometric surface. Transient effects features such as recharge boundaries, drains, and no-flow 

boundaries were not considered in the conceptual model. 

DATA COMPILATION 

The analytical solution requires the input of transmissivity, storativity and aquifer thickness. A 

review of boring and well logs indicated that the saturated thickness of the aquifer could be 

averaged over the site as approximately 25 feet. Two multi-well aquifer tests were conducted 

using a proposed extraction well to supply local values of horizontal conductivities and storativity. 

The aquifer test data was modeled using leaky confined solutions, as the response curves were 

most congruent with those type-curves. Table 1 provides a compilation of the resultant values for 

T and S from Test 1 analyses (extraction at 1 gpm) and Table 2 provides a compilation of Test 2 

analyses (extraction at 1. 7 gpm). 
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Table 1 - Test 1 Results 
Well Transmissivity ('1 S9/m) Storatjyjty 

PW-l 3.234Jl.3 .1343 
PO-I 8.009E-3 .002052 
PO-:2 1.11:2B:-Z .00001nZ 
14D 3.199E-! 9.55E-4 

160 .2.265E-l lAU8J:!-3. 
9D 1 218E-1 1 871E-4 

Table 2 - Test Results 

lYe!l Transmjssjvi!l !f! 59 !m) §!oretirjty 
PW-I 3.128J:!.5 .1061 
POol 5.187E·3 .00!852 
P0-2 9.Z14E-3 .7;'SSE-4 . 
14D 1.741E-l 9.936E-4 

90 l.US1E-! 2.n6iE-4 
160 J 472E-J 1 144E-3 

The data were geometrically averaged with no bias for initial model input. The geometric mean 

of Twas 458 gpd/ft. and for storativity was 2.572E-3. 

MODELING 

The code used for hydraulic calculations was CAPZONE, a commercially available platform. 

Particle tracking and capture zone analysis was performed using GWPATH, a commercially 

available numerical tracking program. Modeling within CAPZONE entails the following 

sequence: 

a) grid the static site piezometric surface (75 node limit) ; 

b) calculate drawdown induced by pumping within a congruent grid configuration as a); 

(drawdowns were calculated using the Theis flow equation for the same time period as the 

pumping test Test 2); 

c) superimpose calculated drawdowns on the site piezometric surface. 
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SURFER was used as the gridding code. Table 2 provides the grid specifics used for the model 

domain. 

Table 2 Grjd Snrcifics 
Origin (x,y) 

N1llnber of.node1I t~,y} 
Spacjng jn feet (3 X) 

2300090, 387767 
S4;~1{' •.. 
20 1996 

A semi-quantitative calibration procedure was employed in which T and S were altered within step 

b) to match actual drawdowns measured in PO-l and PO-2 during Test 2. Final agreement with 

measured drawdowns (measured as a percentage discrepancy of predicted drawdownlmeasured 

drawdown) was within -9% for PO-l and +8.5% for PO-2 using calibrated T and S values of 

458 gpd/ft and .009 respectively. Additionally, using these values ofT and S to predict drawdown 

and compare to measured drawdown, well efficiency for PW -1 was determined to be approximately 

60%. 

GWPATH imported the superimposed drawdown file from CAPZONE. Forward particle tracking 

from the injection wells, and reverse tracking from the extraction wells, was run for a period of 

6 months. The figure shows the GWPATH output. 

Analysis: 

Approximately 50 % of injected groundwater will be re-captured within 6 months by the recovery 

wells. The remaining 50 % will either skirt the anticipated six-month capture zone of the 

extraction wells or travel on the upgradient side of the upcone re-injection surface. This 50% can 

likely be captured using a longer time period of performance. 
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Attachment D 

Groundwater Effectiveness Sampling and Monitoring Plan 



EFFECTIVENESS MONITORING AND SAMPLING 

Treatability system monitoring and sampling will be performed to measure or estimate the 

effectiveness of the treatment technology and develop scale up factors for the design and cost of 

full-scale remediation. Monitoring will include analytical sampling and field monitoring. 

D.I Groundwater Analytical Sampling 

D.1.1. Baseline Analytical Sampling 

Groundwater samples will be collected before the treatability study begins to obtain baseline 

chemical and biochemical data in the study area. Samples will be analyzed for several parameters 

listed in Table D.1. Samples will be collected from the extraction wells, re-injection wells, 

treatability study monitoring wells, as well as existing monitoring wells located within the area 

of influence of the treatability study. In addition to measuring the contaminants of concern 

(chlorinated solvents) and biochemical parameters, the samples will also be tested for metals. 

Metals analysis is required to examine how geochemical changes in the groundwater resulting 

from the treatability study effects metal species distribution and precipitative effects, if any 

D.1.2 Periodic Groundwater Sampling 

Groundwater samples will also be collected periodically during treatability study operation. This 

sampling will be used to track the decrease and changes in chlorinated solvent contamination and 

daughter product formation and destruction, and assist in calculating the nutrient supplementation 

required during the treatability study. Table D.2 lists the protocol for periodic sampling and 

analysis of groundwater. 

D.2 Groundwater Field Monitoring 

D.2.1. Geochemical Monitoring 

Groundwater wells in the vicinity of the test area will be monitored on a weekly basis for 

geochemical parameters. These geochemical parameters such as dissolved oxygen (DO) and 

oxidation-reduction (redox potential) will be used in the operation and optimization of the system, 
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and to assess the geochemical response of the treatability study in the evaluation process. Field 

geochemical evaluation will supplement the analytical sampling data and will be used for full-scale 

design. Table D.3 lists the wells and the parameters analyzed for geochemical monitoring. 

Analyte 

Volail" OrJl'llllc 
Compounds (VOC~) 

Metals 

BIodn!ml",,1 P_elers 
Total :lgeldatil NiCf_ 
(TKN) . 

Al1lIIlllll.a.nittogen 

Total Phospb<:mlS 

OrthopM;phate 

Nj(OIte-nitrogeo 

Total Organic carbon 
(TOC) 

Chloride 

TQt~' HflerQUOp!uc CO\ll11$ 

Table D.1 
Baseline Groundwater Sampling Protocol 

Analytical Method 

SW8UO 

Method 60 1017000 

. 3SU - 3'1,4 

3S1).1 

365:.4 . 

365.2.-~.3 

3n,1 

41S.1 

32S.3 

SM 92I5B 

Wells to be sampled Purpose/Remarks 

Extraction wells (2) and the To examine clogging or 
TS monitoring wells (3) solubilization effects on 

Eictrac.io\I ¥/ellS (i) . 
. Re;jnjectj"'IlVf~\$.(4) .. 
TSM.m~WeUs(3) • 
Exisliog MOlIirotlng Wells . 
(2) -MWlblJandMw16D 

D-2 

metals such as iron ~nd 
manganese as a result of the 
created anaerobic-aerobic 
zone. 

Nlt<~~, :PI>"",_'" ."" 
·carlIon measUi"emel1ls lre 

. re~red tO~mltUlle1lle 
amoUnt and fr<l<\lltllCY ot 
.iMfien\ 51l)lPiemematlon . 
r~ulred to qltim~ . 
mie:rOOial aCtivity. 
Chl~are.a good 
in<JI(:ill:«~OO!r II$¢ to 
~~j11ia~1l\II qu.mlity"'f. 
cltlQrinaled. sOlveuts1llat 
havll.heen ilea.t~ded durillg 
IheTS. 



Analyte 

Volaille Orpnie 
Cmnpounds (\IOCs) . 

Metals 

BioclIemical farlunelml 
1'(>Ial Kjeldabl NIti,,!:en 
(TKN} 

Ammonia·nitrogen 

Total Organic Nitrogen 
(TOC) 

Chloride 

Analyte 

DisS<llved OJtygen (DO) 

Carbon Dioxide (CO2) 

pH 

OXidation-reduction 
potential (ORP) 

Table D.2 
Periodic Groundwater Sampling Protocol 

Analytical Method 

Method 60 1017000 

351.1 • 351.4 

350;1 

365.4 

36$;2-365.1 

4lH 

325.'3 

Jr.!1511 

Wells to be sampled 

Exttad!on Well! (2) 
. TSMopitntlJljwelis(3} 
. F.j(iS\1II! MQ.iilIOfillgWells, 
(l} -MW1JIDaitdMW16D 

Bxtr.iction well~ (2) 
Rj"iiII«1U1J1Wells{4) 
1'8 MooiioriUi Willis. (3) . 
EidslingMonitoi'Jiig'Welb 
(Z} ·MWIODarulMWt6D 

Table D.3 
Field Groundwater Geochemical Sampling Protocol 

Analytical Method Wells to be sampled 

YSI5S DOMeier caJibl1lte<l Extt1lfllioo wells, (2) 
prior 10 use ... per 1'8 Mooitoriog WeUs (S) 
ma/lufacture:r's instructions F.j(lstiilg Monioorl/lg Wells 

{Z}. MWlllD.w"MW16D . 

(C02) Meter calibrated Extraction wells (2) 
prior to use as per T5 Monitoring Wells (3) 
manufacturer's instructions Existing Monitonng Wells 

(2) - MWIOD and MWl6D 

OriOt'lIlH Meter or EUt8J!lioo Witll. (2) 
<:q\livalelit calibr.«:d prhlr 1'8 M<mil(ltitlJl WelW (3) 
ttl \ISO as per lIlJluufaduror's BJlistmg Moniroring Well$ 
instructions {2} - MWHlD and MW16D . 

Orion 250A ORP meter or Extraction wells (2) 
equivalent calibrated prior Re-injectlon Wells (4) 
to use as per manufacturer's T5 Monitoring Wells (3) 
instructions Existing Monitoring Wells 

(2) - MWIOD and MWl6D 
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Sampling Frequency 

Mcruh1y umillh<!; conclusion 
of Ih<!; study 

After one month of 
treatability system operation 

Mcruh1y.umil the conclusion 
of til. study 

Sampling Frequency 

Weekly. 

Weekly 

Wmly 

Weekly 



D.2.2 Hydrogeological Monitoring 

Water levels \viU be measured prior to, during, and after the treatability study to assess the 

hydrogeologic effects of extraction and re-injection of groundwater in the study area. Water levels 

will be measured in monitoring wells (MWs) 6D, 7D, 8D. 9D, IOD, lID, 13D, l4D, lSD, 16D, 

l7D, 24D, and 2SD. 

D.2.3. Field Equipment Monitoring 

Blower 

Blower operating parameters - air flow, pressure, and temperature - will be measured and recorded 

on field data sheets on a weekly basis. Adjustments to system flow will be made by the engineer 

based on these measurements. 

Chemical Feed System 

The metering pumps at the chemical feed tanks will be monitored weekly and readings recorded 

on field data sheets. The pumps will be adjusted by the field engineer iflarger or smaller amounts 

of chemicals (carbon and/or nutrients) or flow rates are required based on groundwater field and 

analytical sampling results. Groundwater extraction and re-injection rates will also be measured 

or estimated and readings recorded. 

D.3 Groundwater Analytical Sampling QA/QC 

Groundwater samples will be collected from area wells and analyzed for chemical and microbial 

data (Tables 0.1 and 0.2). All sampling will be performed in accordance with the Quality 

Assurance Project Plan (QAPP) and the Sampling and Analysis Program (SAP) developed as part 

of the REI for this site. Samples to be analyzed will be sent to the site-wide selected contracted 

laboratory. Analytical work on 10% of the samples submitted will be performed to CLP Level IV 

standards with the remainder at eLP Level III standards, all at standard turnaround times. 

G:IRBRITTOI WPlcmscharlswmul66\PLSPECS I. wpd 
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